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ABSTRACT  
   
The focus of this study is statistical characterization of the significant 
duration of strong ground motion time histories.  The significant duration is 
defined as the time needed to build up between five and seventy-five (SD575) and 
ninety five percent (SD595) of the energy of a strong motion record.  Energy is 
measured as the integral of the square of the acceleration time history and can be 
used to capture the potential destructiveness of an earthquake.  Correlations of the 
geometric means of the two significant duration measures (SD575 and SD595) 
with source, path, and near surface site parameters have been investigated using 
the geometric mean of 2,690 pairs of recorded horizontal strong ground motion 
data from 129 earthquakes in active plate margins.  These time histories 
correspond to moment magnitudes between 4.8 and 7.9, site to source distances 
up to 200 km, and near surface shear wave velocity ranging from 120 to 2250 
m/s.  Empirical relationships have been developed based upon the simple 
functional forms, and observed correlations.  The coefficients of the independent 
variables in these empirical relationships have been determined through non-
linear regression analysis using a random-effects model.  It is found that 
significant duration measures correlate well with magnitude, site-to-source 
distance, and near surface shear wave velocity.  The influence of the depth to top 
of rupture, depth to the shear wave velocity of 1000 m/s and the style of faulting 
were not found to be statistically significant.  Comparison of the empirical 
relationship developed in this study with existing empirical relationships for the 
significant duration shows good agreement at intermediate magnitudes (M 6.5).  
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However, at larger and smaller magnitude, the differences between the 
correlations developed in this study and those from previous studies are 
significant.  
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The objective of the work described in this dissertation is to study the 
characteristics of and develop equations for the duration of strong ground motions 
for shallow crustal earthquakes in the western United States that is compatible 
with Next Generation Attenuation (NGA) relationships for spectral accelerations 
(Abrahamson et al. 2008).  To achieve this objective, the NGA strong ground 
motion data base and a statistical methodology consistent with those used to 
develop the NGA relationships were employed.  Consistent with the NGA 
relationships, the derived equations consider not only the effects of earthquake 
magnitude and distance on duration, but also the influence of the shear wave 
velocity in top 30 m of site.  The duration measure employed in this research is 
the significant duration, the most common definition of duration used in 
earthquake engineering practice. 
1.2. Background and Motivation 
In earthquake engineering practice, the intensity and frequency content of 
strong ground motion are typically used to characterize the damage potential of an 
earthquake motion.  The amplitude of strong ground motion is often defined by 
the peak horizontal ground acceleration (PHGA) and peak spectral accelerations 
(SA).  The frequency content of the motion is generally defined by the shape of 
the acceleration response spectrum.  The importance of amplitude and frequency 
has been acknowledged by investigators since the beginning of modern 
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earthquake engineering.  However, a complete strong ground motion 
characterization must also include some measure of the duration of the strong 
motion signal (Dobry et al. 1978).  
 It has long been documented that intensity measures such as PHGA 
provides only a limited insight as to the seismic damage potential of a Civil 
Engineering system.  In general, the destructive potential of an earthquake motion 
is closely related to its energy content, which depends upon both the intensity and 
the duration of the motion.  While PHGA is considered in some manner in almost 
all seismic performance analyses, and spectral accelerations are considered in 
almost all structural performance analyses, structural analyses often ignore 
duration.  In fact, considerations of duration are generally not incorporated into 
current seismic design codes for structural design. 
  Experience from past earthquakes and numerical analyses have 
confirmed that the duration of strong ground motion can significantly influence 
the degree of damage to the Civil Engineering systems.  The duration of an 
earthquake strong ground motion becomes a significant parameter for earthquake 
damage potential when low cycle fatigue, liquefaction, seismic settlement, and 
inelastic structural response are considered.  Duration considerations are often 
indirectly included in liquefaction and seismic settlement assessment via 
earthquake magnitude.  Furthermore, the duration of strong ground motion can 
play a significant role in a seismic risk assessment (often via magnitude), 
generation of site-specific artificial accelerograms, and selection of representative 
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time histories in response studies of both soils and structures (Lee and Trifunac 
1985, 1987; Wong and Trifunac 1979).  
It is important to note that the duration of the strong ground motion by 
itself can not define the damage potential of the ground motion.  However, if 
duration is linked with a parameter describing the intensity of the ground motion 
such as peak velocity or peak or spectral acceleration then it can provide a robust 
predictor of damage for engineering purposes.   
There are not many studies investigating the characteristics of the duration 
of the strong ground motion.  One of the difficulties in studying duration effects 
has been that there are various definitions of duration used in literature.  As a 
result, there is a broad range of duration estimates for the same set of recordings.  
The absence of duration in seismic design codes may also explain why relatively 
little attention has been given to prediction equations for duration compared to 
attenuation equations for spectral acceleration (Douglas 2003). 
Several soil-related applications of duration for seismic performance 
characterization have been reported in literature. Seed and Idriss recognized the 
importance of duration for the liquefaction assessment of saturated sand deposits 
and characterized duration by the number of equivalent cycles of motion in their 
liquefaction design and evaluation procedures (1967, 1971).  Studies of pore 
pressure generation in liquefiable soils by Seed and Lee and volumetric strain 
accumulation in unsaturated soils by Silver and Seed 1971 show increase in these 
response parameters not only with the amplitude of shaking experienced by a soil 
element but also with the number of cycles of shaking (loading) at that amplitude 
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(1966; 1971).  The number of cycles of loading, in turn, is correlated to the 
duration of shaking, although the degree of correlation depends on the specific 
duration definition and the method for counting cycles of loading (Hancock and 
Bommer 2005).   
 Seismic displacements of landslide masses have been related to both the 
spatially averaged peak amplitude and the duration of shaking within the slide 
mass.  In these studies, slope displacements were found to increase with duration 
(Bray and Rathje 1998).  The lateral spreading displacements resulting from soil 
liquefaction have also been related to both the amplitude and duration of 
earthquake ground motions (Rauch and Martin 2000).  In many of these types of 
geotechnical analyses, magnitude, or magnitude and distance, may be used as 
surrogates for duration. 
Numerous structural engineering related applications of duration for 
seismic performance evaluation can be found in the literature.  Housner was one 
of the first researchers to suggest that structures should be designed such that they 
have sufficient energy absorbing capability to resist the energy demands exerted 
by the ground motion (1956).  As noted previously, the energy demand of the 
ground motion is a function of its intensity and duration.  Housner also suggested 
that two ground motions with the same spectral intensity might have clearly 
different damage effects if the duration of one is much greater than the other 
(1965).  Duration has been implicitly incorporated in the HAZUS methodology 
for earthquake loss estimation (Whitman et al. 1997).  In the HAZUS 
methodology, large magnitude earthquakes have an increased demand spectrum 
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because the longer duration of these events is expected to cause greater strength 
and stiffness degradation.  Uang and Bertero conducted an extensive investigation 
into the energy demand of structures under the action of earthquakes (1988, 
1990).  These investigators showed that the energy demands from the ground 
motion are dissipated by the structure in the form of damping and recoverable 
elastic strain.  The relationship between input energy and peak spectral velocity is 
related to the duration of the strong ground-motion.  This conclusion is supported 
by the findings of Shome et al. and Rahnama and Manuel, who showed that input 
energy demand and hysteretic energy (energy dissipated by hysteretic behavior of 
the structure, which is related to irrecoverable plastic deformation of the structure) 
are correlated with ground motion duration (1998; 1996). 
 Several studies have reported possible correlations between structural 
damage and parameters related either directly or indirectly to strong ground-
motion duration.  Chai and Fajfar suggested that a longer duration ground motion 
increases inelastic design base shear. However, Shome et al. found that provided 
ground motions are scaled to the same elastic spectral acceleration, the ground-
motion duration does not have a significant influence on maximum inelastic 
displacements (2000, 1998, respectively). The latter study supports the course of 
action in current codes to neglect duration, whereas the conclusions of the former 
study would suggest that duration should be incorporated into the specification of 
seismic design loads.   
The response spectra commonly used in engineering practice and specified 
by codes are elastic response spectra. Inelastic response spectra are less common 
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and provide a means of quantifying the structural damage potential of a ground 
motion.  The inelastic response spectra and their reduction from elastic response 
spectra have been correlated with duration by Chai et al. (1998) and Tiwari and 
Gupta (2000), indicating that structural damage potential is related to duration.  
Furthermore, the duration of strong shaking is generally recognized as an 
important parameter in selecting representative histories for a time-domain 
structural analysis (Dobry et al. 1978). 
While the current state-of-the-practice in regional seismic risk studies is to 
use damage measures based on the PHGA or SA, cumulative damage measures are 
likely to become more widely used in future research as they provide a better 
indication of the likely level of damage.  Design codes are likely to continue using 
PHGA and/or SA for the foreseeable future to maintain simplicity. However, as 
the resistance of most materials to damage is dependent on the number of cycles, 
a rational assessment of damage potential requires some quantification of the 
expected number of deformation cycles and hence the ground-motion duration.  
Therefore, the study of characteristics of significant duration measures and 
development of an empirical relationship to estimate significant duration is 
warranted. 
1.3. Objective of Dissertation 
The objective of this dissertation is to investigate the characteristics of the 
significant duration of strong ground motion for shallow crustal earthquakes of 
the western United States.  Significant duration is the most commonly measure of 
strong ground motion duration in engineering practice today. Two measures of 
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significant duration, the SD595 and SD575 definitions, were investigated using 
the database of strong ground motion time histories representative of shallow 
crustal earthquakes in the western United States assembled for the Next 
Generation Attenuation project managed by the Pacific Earthquake Engineering 
Research Center (PEER).  
The significant duration of an earthquake strong ground motion was 
defined by Trifunac and Brady as the time between the arrival of 5% of the 
energy and 95% of the energy in the record of acceleration versus time (1975).  
This definition is sometimes referred to as the 5-95 definition of significant 
duration and is referred to in this dissertation as SD595.  Abrahamson and Silva 
subsequently suggested using the time between the arrival of 5% of the energy 
and 75% of the energy in the strong ground motion record, referred herein as 
SD575, as a more statistically stable measure of significant duration (1996).  Both 
SD595 and SD575 are evaluated from the Arias integral of the square of 
acceleration time histories (1969).  The SD595 value is evaluated as the time 
between 5% and 95% of the ultimate value of the Arias integral over the entire 
time history and SD575 evaluated as the time between 5% and 75% of the 
ultimate value of the integral. 
 This dissertation describes the development of a statistically-based 
empirical relationship for significant duration.  To be consistent with development 
of the NGA relationships, correlations between significant duration and 
earthquake source parameters (moment magnitude, M, and depth-to-top of rupture 
(ZTOR), mechanism of faulting), path parameters (closest site-source distance), and 
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site parameters (the time-averaged shear wave velocity over the upper 30 meters 
of subsurface depth, Vs30, depth to shear wave velocity of 1000 m/s, Z1.0), have 
been investigated.  The empirical relationships for significant duration have been 
developed based upon the simple functional forms and observed correlations. The 
coefficients of the independent variables have been determined through non-linear 
regression analysis using a random-effects model.  The relationship developed 
herein is based on strong motion time histories from the database of shallow 
crustal earthquakes in active-plate margins compiled to develop the NGA 
relationships.  The effects of near-fault forward directivity motions is separately 
investigated but are not captured by the relationship presented herein.  The 
attenuation relationship developed in this study is compared with the significant 
duration relationships derived previously by other investigators, and pertinent 
conclusions are drawn from the comparison. 
1.4. Organization of Dissertation 
This dissertation is organized into seven chapters.  The first chapter 
presents the background and motivating factors that led to this dissertation. 
Chapter Two presents a brief review of the existing literature on the duration of 
strong ground motions in earthquakes.  Chapter Three provides a brief description 
of the independent and dependent variables used to in this study.  Chapter Four 
provides a brief description of the database developed for this study from the 
NGA database in order to investigate the characteristics of the two significant 
durations of strong ground motion (SD575 and SD595) used in this study.  The 
database developed for this study includes the following parameters for each 
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recording: magnitude, closest rupture distance, shear wave velocity in top 30 m in 
soil and mechanism of faulting.  Only twenty percent of the records used in this 
study have values for the depth to the shear wave velocity of 1000 m/s.  Chapter 
Five presents preliminary analyses performed to investigate potential correlations 
between significant duration parameters and the dependent variables.  Chapter Six 
provides the rationale for and a description of the functional forms selected for the 
duration equations (based upon the analyses conducted in Chapter Five), and the 
statistical analyses used to develop the proposed empirical model for the 
significant duration parameters.  Chapter Six also include a comparison of the 
proposed model with the previous models for significant duration developed by 
other investigators.  Chapter Seven offers a summary of the results and findings 
















Numerous definitions of the duration of a strong ground motion time 
history have been suggested in the literature. Nearly all of these definitions are 
expressed in units of time.  However, for problems related to cyclic strength and 
liquefaction of soils, a definition, expressed in terms of the number of equivalent 
cycles of loading has also developed (Seed et al. 1975).  As reviewed below, the 
definitions of duration that are expressed in units of time can be categorized into 
three different generic types: bracketed duration, uniform duration, and significant 
duration (Bommer and Martinez-Pereria 1999). The bracketed duration measures 
the duration of the ground motion from the first to the last occurrence of 
acceleration exceeding specified threshold acceleration.  The uniform duration is 
defined as the sum of the time intervals during which the acceleration exceeds a 
threshold value. The significant duration defines ground motion duration as the 
length of the time interval between the accumulations of two specified levels of 
ground motion energy at the site (as determined by integration of square of 
acceleration time history).  
2.2. Strong Motion Duration Definitions  
2.2.1. Bracketed Duration  
The bracketed duration is the total time between the first and last 
excursion of the acceleration time history over a given level of acceleration.  
Ambraseys and Sarma, among the first investigators to use this definition of 
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duration, chose a threshold level of 0.03g (1967).  Page et al. employed a slight 
variation of this definition, using the interval between the first and last peak of 
acceleration with amplitudes greater than or equal to 0.05g as the duration of 
strong shaking (1972).  Bolt coined the term “bracketed duration” for this 
definition and suggested that the interval between the first and last excursions 
greater than 0.05g or 0.1g be used (1973).  McGuire and Barnhard used the 
bracketed duration with thresholds of 0.1, 0.15, and 0.2g (1979).  They also 
introduced the concept of fractional duration in which the threshold was defined 
not by an absolute acceleration but as a proportion of the peak acceleration of the 
record.  Kawashima and Aizawa employed the same fractional duration concept 
and called it the normalized duration (1989).  
The calculation of bracketed duration for a threshold acceleration of 0.05g 
is shown in Figure 2.1 for an acceleration time history from 1994 Northridge 
earthquake.  When an absolute threshold value is used (e.g., 0.05g), the bracketed 
duration of an acceleration time history depends on the absolute values of the 
acceleration.  For instance, with a threshold of 0.05g records having peak 
acceleration smaller than 0.05g have zero bracketed duration.  Furthermore, when 
an absolute threshold is used, the duration of the record will change if the record 
is scaled to different peak acceleration.  The normalized bracketed duration 
eliminates the scale dependence of the duration of an acceleration time history. 
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Figure 2.1. Evaluation of Bracketed Duration for Acceleration Time History of    
 Station USC 90081 Carson-Water St 1994 Northridge Earthquake  
 
The main advantage of the bracketed duration is the simplicity of the 
definition. A major disadvantage of the bracketed duration is that for some 
accelerograms the measured duration is highly sensitive to small changes in the 
threshold level (Pagratis 1995).  The bracketed duration completely ignores the 
nature of the record during the strong part of the shaking. Furthermore, even when 
using an absolute threshold level, the same duration could be given for two 
accelerograms with very different energy content.  Another disadvantage of the 
bracketed duration is that if an absolute threshold is used it predicts a decrease in 
duration with distance, contrary to the notion that seismic waves spread out and 
duration of shaking becomes longer as the waves move away from the source. 
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2.2.2. Uniform Duration 
The uniform duration is defined as the sum of the time intervals during 
which the acceleration exceeds a threshold value.  Bolt first proposed a definition 
for uniform duration using thresholds of 0.05g and 0.1g (1973).  The calculation 
of uniform duration for a threshold acceleration of 0.05g is shown in Figure 2.2, 
using the same time history as used in Figure 2.1.  The main advantage of this 
definition is that duration does not vary abruptly with small changes in the 
threshold level. However, this definition does not define the continuous time 
frame during which the ground motion can be considered to be strong.  
Furthermore, if an absolute threshold is used, the duration is scale dependent and 
will decrease with distance, much as it does for the absolute threshold based 
bracketed duration.  Sarma and Casey found that the uniform duration is related 
exponentially to the threshold level (1990).  
The number of uniform cycles of loading may be considered a variant of 
the uniform duration.  However, this parameter is usually defined based upon a 
linear accumulation of damage which brings into question its validity. 
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Figure 2.2. Evaluation of Uniform Duration for Acceleration Time History of 
Station Carson-Water St 1994 Northridge Earthquake 
 
2.2.3. Significant Duration 
A large number of definitions in the literature for the strong ground 
motion durations are based upon the energy content of the accelerograms.  These 
energy-based definitions can all be classified as significant durations.  The 
significant duration is usually based on the integral of the square of the 
acceleration time history.  However, Kempton and Stewart have also used the 
square of the velocity time history and Trifunac and Brady have used the squares 
of both the velocity and the displacement time history (2006, 1975, respectively). 
  Many of the definitions of significant duration in the literature use the 
buildup of the Arias intensity. Arias intensity is defined as the integral of the 
square of the acceleration times a constant (equal to π/2g), as shown in Equation 
2.1.  
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                                                              (2.1) 
 
where a(t) is the acceleration time history and T is total duration of the 
acceleration time history.  As Arias intensity is a measure of the energy content of 
the acceleration time history, it is a parameter that captures the potential 
destructiveness of an earthquake (Arias 1969).  It includes the characteristics of 
amplitude, frequency content, and duration of ground motion. Arias intensity 
appears to correlate well with several commonly used demand measures of 
structural performance and liquefaction (Harp and Wilson 1987; Kayen and 
Mitchell 1997). 
 A plot that portrays the buildup of this energy with time for a strong 
motion record is known as a Husid plot (Husid 1969).  As shown in Figure 2.3, 
Husid plotted normalized Arias intensity which he denoted as h (t) versus time in 
accordance with Equation 2.2.  
     
        
 
 
   
 
      
                                                                                       (2.2) 
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Figure 2.3. Husid Plot of Acceleration Time History of Gilroy Array #1  
        1974 Hollister-03 Earthquake  
 
The normalized Arias intensity ranges from 0 to 1, as illustrated in Figure 
2.3.  Husid used the interval from 0 to 95% of Arias intensity as the duration of 
strong shaking of the earthquake record (1969).  Trifunac and Brady suggested 
that the interval between 5% and 95% of the Arias intensity was a more 
appropriate choice for the significant duration (1975).  The Trifunac and Brady 
definition of duration is illustrated on the Husid plot in Figure 2.4.   
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Figure 2.4. Trifunac and Brady (1975) Duration of Strong Shaking (SD595) for  
       Lake Hughes Acceleration Time History of 1994 Northridge       
       Earthquake 
 
Dobry et al. used the Trifunac and Brady definition when they investigated 
the effect of magnitude on the duration of the strong ground motions (1978).  
McGuire and Barnhard investigated the use of other percentages of the Arias 
intensity to define the strong ground motion duration (1979).  Novikova and 
Trifunac modified the definition of the significant duration to describe the 
steepest part of Husid plots during which 90% of the total Arias intensity is 
generated (1994).  Bommer and Martinez-Pereira referred to this definition as a 
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2.3. Significant Duration Empirical Relationships   
Several empirical relationships for significant duration have been 
proposed.  All of these empirical relationships include magnitude as the main 
parameter and some also consider source to site distance and local site conditions.  
A summary of the most recent relationships for significant duration including 
their base functional form for the magnitude scaling is presented in Table 2.1.  It 
can be seen from this table that Abrahamson and Silva (1996) and Kempton and 
Stewart (2006) used a very similar functional form.  This base functional form for 
magnitude dependence is based upon seismological consideration.  The site 
condition term used in these empirical relationships is typically parameterized 
either as rock and soil or based upon Vs30, the average velocity of the top 30 m of 












  19 
Table 2.1.  Empirical Models for Significant Duration 
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All available significant duration models show that significant duration is 
dependent on magnitude.  This is expected because duration is related to the time 
required for the rupture to spread across the fault surface and thus is closely 
correlated to fault rupture surface area.  As fault rupture surface area is in turn 
correlated to magnitude, duration tends to scale with magnitude (Wells and 
Coppersmith 1994).  All of the available models show that significant duration is 
also dependent on distance.  In general, significant duration increases as distance 
increases. However, this feature is not observed for some of the other definitions 
of duration (Bommer and Martinez-Pereira 1999), e.g. for the threshold duration.  
The threshold duration tends to decrease with distance because the intensity of the 
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motion tends to decrease with distance.  A duration definition that increases with 
distance is logical in that the seismic waves tend to spread out as they move away 
from the source due to the frequency-dependence of wave propagation velocity.  
While this may result in a duration that is very large at great distances from the 
source, it should be noted that the large durations that result from distance-
dependent duration models at great distances may not have engineering 
significance because of the low amplitude of the seismic waves (Bommer and 
Martinez-Pereira 1999).  Among duration models that consider site effects, longer 
durations are always found at soil sites compared to rock site.  Most site 
condition-dependent models use a simple rock or soil designation.  Several 
investigators also have related duration to the intensity of the motions (Trifunac 
and Brady 1975, Novikova and Trifunac 1994).  However, according to Bommer 
and Martinez-Pereira, this is not a fundamental parameter related to the source or 
path of the ground motion (1999).  Accordingly, it is not a parameter that can be 
integrated across in probabilistic seismic risk analyses.  Hence, relationships using 
seismic intensity as one of the parameters influencing duration are not of any use 
in probabilistic seismic risk analyses. 
2.4. Summary 
Definitions of the duration of strong ground motion proposed in literature can be 
categorized into three different types: bracketed duration, uniform duration, and 
significant duration.  The bracketed duration measures the length of the ground 
motion from the first to the last occurrence of a threshold value, e.g. 0.05g.   
Uniform duration is defined as the sum of the time intervals during which the 
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acceleration exceeds a threshold value.  The significant duration, a definition 
based upon the energy content of the strong ground motion record, is the 
definition used most often by engineering seismologists. For the SD595 
significant duration, the duration of strong shaking is defined as the length of the 
time interval between the accumulation of 5% and 95% of ground motion energy, 
where ground motion energy is defined by the Arias Integral.  The SD575 
significant duration is defined as the length of the time interval between the 
accumulation of 5% and 75% of ground motion energy.  A number of 
investigators have developed empirical relationships for SD595 and SD575 as a 
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CHAPTER 3 
PREDICTOR AND RESPONSE VARIABLES USED IN THIS STUDY 
3.1. Introduction 
To investigate the characteristics of significant duration, a definition for 
significant duration (the response variable) must be chosen and the predictor 
(independent) variables needed to be established.  The independent variables used 
in this study were divided into three categories: source parameters (e.g., moment 
magnitude, M, mechanism of faulting); path parameters (e.g., rupture distance, 
RRUP) and site parameters (average shear velocity over top 30 m,Vs30 and  depth to 
a shear wave velocity of 1.0 km/s, Z1.0).  These parameters are discussed briefly in 
the following paragraphs.  The response variable in this study is the geometric 
mean of the significant duration of the two horizontal components of the strong 
ground motion acceleration time history.  In this dissertation, two definitions of 
significant duration, both based on the normalized Arias intensity of acceleration 
are used.  In this dissertation, significant duration is defined as time intervals 
between either 5% and 75% of the normalized Arias intensity (SD575) or 5% and 
95% of the normalized Arias intensity (SD595).                                                    
3.2. Predictor Variables 
 
The primary independent variables considered in this study are moment 
magnitude (M), mechanism of faulting (strike-slip, reverse, normal, and oblique), 
the depth to the top of the fault rupture ( ZTOR), site-to-source distance (RRUP), the 
depth to a shear wave velocity of 1.0 km/s (Z1.0), and  the average shear wave 
velocity over the top 30 m (Vs30). 
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3.2.1. Source Parameters  
 
Source parameters, which are constant for a given earthquake, capture the 
effects of earthquake size and characteristics of rupture.  The fundamental source 
parameters used in this study are earthquake magnitude, the depth to the top of the 
fault rupture (ZTOR) and the style of faulting (strike slip, normal, reverse or oblique).  
3.2.1.1. Moment Magnitude  
Moment magnitude was adopted as the magnitude measure in this study 
because it is based on seismic moment, which is fundamentally linked to the 
characteristics of the fault rupture and the energy released during the earthquake 
(Kanamori 1977; Hanks and Kanamori 1979) and has been adopted by engineers 
and engineering seismologists worldwide as a unifying consistent magnitude 
measure.  The moment magnitude has several advantages over other magnitude 
scales including that it ties the magnitude directly to earthquake source processes, 
it does not saturate for magnitudes greater than 6, and it is directly proportional to 
the area of the fault plane that ruptured times the average displacement along the 
rupture plane.   
3.2.1.2. Mechanism of Faulting 
Classes of faults by mode of movement includes strike-slip faults, where 
the movement is essentially horizontal, dip-slip faults where the movement is 
essential vertical, and oblique faults that show a combination of vertical and 
horizontal movement.  Dip-slip faults include thrust, or reverse faults where the 
rock is in compression and normal faults where the rock is in tension (extension).  
The basic modes of fault movement are illustrated in Figure 3.1. 
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Figure 3.1. Basic Modes of Fault Movement (Adopted from FHWA 1999) 
 
 
3.2.2. Path Parameters  
 
Path parameters (e.g. source-to-site distance) are used to represent the 
spread of the seismic energy from the earthquake source to the site of interest.  
Common source to site distance measures used in earthquake engineering include 
the distance to the epicenter of earthquake (RE), the distance to hypocenter of the 
earthquake (RH), the closest horizontal distance to the vertical projection of the 
rupture plane (RJB, sometimes referred to as the Joyner-Boore distance), the 
closest distance to the rupture surface (RRUP) and, the horizontal distance from the 
top edge of the rupture (RX). RRUP, RJB, and RX are not independent of each other; 
one can develop geometrical relationships that tie those parameters together.  
RRUP, RJB, RE, RH, RS, and RX along with depth to top of rupture (ZTOR) are 
illustrated for a hypothetical site in Figure 3.2.  
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Figure 3.2. Various Site-to-Source Distance Definitions used in NGA Flatfile   
        (RRUP= RR ) (adopted from FHWA 1999) 
 
The definition used for the site-to-source distance is important with 
respect to the development of an empirical relationship for the significant 
duration.  Especially close to the fault, different definitions will give different 
results. Differences between the various definitions of distance tend to be more 
significant in the near field, but less so in the far field.  The closest distance to the 
rupture surface, RRUP, was adopted as the source-to-site distance measure for this 
study.   
The differences among RJB, RRUP, and RX can be illustrated further 
through the following cases.  For vertical strike-slip faults that intersect the 
surface, RJB, RRUP, and RX are all the same as the shown in top part of Figure 3.3. 
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Conversely, as shown in the bottom part of Figure 3.3, for vertical strike-slip 
faults that do not intersect the surface, RJB and RX are the same but RRUP must be 
calculated from ZTOR as using Equation 3.1:   




Figure 3.3. Representation of Different Measures of Distance for Vertical, Strike-  
       Slip Faults that intersect or do not intersect the surface 
 
For dipping faults, the calculations for each of these parameters are 
different depending upon whether the site is on the hanging wall or footwall side 
of the fault and whether or not the fault intersects the surface (i.e. on the value of 
ZTOR).  For the sites located on the footwall side of a fault the fault intersects the 
surface (ZTOR = 0), RJB, RRUP, and RX are the same, as shown in the top part of 
Figure 3.4.  For the sites located on the footwall side of a fault that do not 
intersect the surface (ZTOR > 0), RJB and RX are the same as shown in the bottom 








Figure 3.4. Representation of Different Measures of Distance for the Sites on the   
       Footwall side of Thrust Fault with Fault intersecting/not intersecting       
       the Surface 
 
3.2.3. Site Parameters  
 
Site parameters are used to quantify the influence of site geology on the 
characteristics of the ground motion (e.g. duration) at the site.  Based on the 
composition of the subsurface, different locations at the same distance from the 
causative fault will experience different durations during earthquakes.  Sites 
underlain by soft soil will in general experience a greater duration of strong 
ground motion than sites underlain by rock (all other parameters being equal).  
For consistency with NGA relationships, the site parameters considered in this 
study are VS30, the time-averaged shear wave velocity over the top 30 meters of 
the subsurface and Z1.0, the depth at which a value of shear wave velocity1.0 km/s 
is reached.  A diagram of a hypothetical shear wave velocity profile with 
illustrating VS30 and Z1.0 and is presented in Figure 3.5. 
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Figure 3.5. A typical shear wave velocity profile illustrating VS30 and Z1.0  
   VS30 is used as the basis for site classification by the U.S. National 
Earthquake Hazard Reduction Program (NEHRP).  All sites are classified as Site 
Classes A, B, C, D, E, or F, based primarily upon Vs30.  The NEHRP site class 
classification system classifies sites as shown in Table 3.1.  In the NEHRP 
classification system, site profiles having an average shear wave velocity for the 
upper 30m greater than 760 m/s are classified as site Classes A and B (rock 
motions), site profiles having Vs30 between 180 and 760 m/s are classified as site 
Classes C and D (dense and stiff soil sites).  Site profiles having Vs30 less than 
180 m/s are classified as site Class E (soft soil sites).  Site Class F sites are special 
study sites defined on the basis of geotechnical characteristics other than Vs30. 
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Table 3.1.  NEHRP Site Classes Based on Vs30  
NEHRP Site Class Vs30 (m/s) SPT-N values Su (KPA) 
A >1500  N.A. N.A. 
B 760-1500  N.A. N.A. 
C 360-760  >50 >100  
D 180-360 15-50 50-100  
E <180  <15 <25  
 
3.3. Response Variables 
Typically, strong ground motion stations record three mutually orthogonal 
components of ground motion: two horizontal components and one vertical 
component.  The horizontal components of the ground motions are generally 
considered to be of greater engineering significance than the vertical components 
because the amplitude of the horizontal components tends to be larger than the 
amplitude of the vertical component and structures are usually less equipped to 
handle lateral loads than vertical (gravity) loads.  As a result, this study focused 
just on the two horizontal components of the ground motions at a site.  Because 
there are two orthogonal components to the horizontal acceleration, the question 
arises as whether these two horizontal components should be considered 
separately or combined and if they are combined how they should be combined. 
Douglas and Beyer and Bommer provide summaries of the different methods of 
combining the horizontal components of the ground motion into a single value 
(2003, 2006, respectively).  The methods for combining the two horizontal 
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components of ground motion include computing the arithmetic mean, computing 
geometric mean, considering only the larger of the two components, and 
considering the resultant of the two components (the component obtained by 
vector addition).  The geometric mean method was used in this study to combine 
the two orthogonal horizontal components of ground motion in order to obtain a 
single value at each station.  Thus, the response variables considered in this study 
are the geometric means of either SD575 or SD595 for the two horizontal 
components.  
3.4. Summary 
Development of an empirical relationship for strong ground motion 
duration requires definition of predictor and response variables.  Predictor 
variables for empirical strong ground motion relationships are categorized into 
source parameters, path parameters and site parameters.  The predictor variables 
that will be considered in this study include moment magnitude (M), style of 
faulting, and the closet distance to the fault rupture (RRUP).  The site parameters 
that will be considered in this study include the depth to top of the rupture zone 
(ZTOR), the depth to a shear wave velocity of 1000 m/s (Z1.0) and the average shear 
wave velocity in the top 30 m of the site (Vs30).  The response variables that will 
be used in this study are significant duration measures SD595 and SD575, the 
time between the arrival of 5% and 95% of the energy at the site (SD595) and the 
time of arrival of 5% and 75% of the energy ate site (SD575).  The values of 
SD595 and SD575 that will be used will be calculated from the two horizontal 
components
 
of the strong motion records at a site. 
  31 
CHAPTER 4 
GROUND MOTION DATABASE 
4.1. Introduction 
The data used in the analyses presented herein were obtained from the 
strong motion database compiled for the NGA project (Chiou et al. 2008).  The 
NGA project strong motion database, referred to as Flatfile Version 7.2 is 
available from the Pacific Earthquake Engineering Research Center (PEER) 
website:  http//peer.berkeley.edu/smcat/.  The PEER NGA Flatfile Version 7.2 
database contains 3,551 strong motion records obtained from 173 shallow crustal 
earthquakes that have occurred worldwide in active plate margin regions.  
Subduction and intra-plate earthquakes are not included in the database.  A map 
showing the geographic distribution of those 173 earthquakes in NGA Flatfile is 
presented in Figure 4.1.  
The type of earthquake targeted by the NGA project was shallow crustal 
earthquake from active tectonic regions.  While the records were obtained from 
earthquakes worldwide, the focus of the NGA project was on seismic hazard in 
the western United States.  However, the western United States database has few 
events of magnitude greater than 7.1.  Therefore, the database was expanded to 
include strong ground motion records from the 1999 M 7.6 Kocaeli and M 7.2 
Duzce, Turkey, earthquakes the 1999 M 7.6 Chi-Chi, Taiwan, earthquake and five 
major aftershocks and the 2003 M 6.7 Nenana Mountain and M 7.9 Denali, 
Alaska, earthquakes, as well as several earthquakes from extensional tectonic 
regimes.  
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Figure 4.1. Map Showing the Epicenter Distribution of 173 Earthquakes in   
       NGA Database (Chiou and Youngs 2008) 
 
4.2. Data Selection  
 The selection of time histories from the NGA Flatfile Version 7.2 database 
for use in this study followed similar reasoning
 
to that of Abrahamson and Silva 
in selection of data for their NGA equation (2008).  The objective in screening the 
database for applicable records is to include as many records
 
as possible from 
shallow crustal earthquakes worldwide while maintaining similarity with western 
United States path and site conditions.  Therefore, 
 
the distance range of records 
from non-western U.S. events employed in this study were limited to
 
100 km to 
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significant (2008).  All earthquake records from shallow crustal earthquakes in 
active tectonic regions meeting this criterion, including aftershocks, were 
included in the reduced data set under the assumption that the median ground 
motions from shallow crustal earthquakes at distances less than about 100 km are 
governed by the same path and site factors around the world (Abrahamson and 
Silva 2008).  In particular, the Chi-Chi main shock and its aftershocks, and the 
Koceali and Duzce main shocks were included in the dataset on this basis.  
Consistent with Abrahamson and Silva, several additional criteria were 
employed for selecting strong-motion data from PEER NGA database for use in 
this study.  The complete set of screening criteria was as follows: remove 
earthquakes not representative of shallow crustal tectonics; remove earthquakes 
with missing key source meta data or  with unreliable estimates of closest 
distance; remove recordings without a Vs30 estimate; remove recordings not 
representative of the free-field; remove recordings without two horizontal 
components; remove non-Western U.S. stations at distances greater than 100 km; 
remove recordings with distances greater than 200 km from Western U.S. 
earthquakes; and remove recordings with magnitude less than 4.75.  After 
applying this selection criterion to the entire database, the final reduced dataset 
that was used in this study contained 2,690 pairs of recordings from 129 events 
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4.3. Final Data Set 
The final dataset developed for use in this study is summarized in Table 
4.1 and can be
 
described as follows: (1) 75 earthquakes in California with 1,262 
records;
 
(2) ten earthquakes in Taiwan including the Chi-Chi main shock (343 
records),
 
and five aftershocks (923 records); and (3) 39 earthquakes in
 
other 
regions including Alaska, Idaho, and Nevada, in the United States, 
 
Canada, 
Georgia, Armenia, Greece, Iran, Italy, Mexico, New Zealand, and Turkey outside 
the United States for a total number of records of 139.  The initial amount of 




 Table 4.1. Regional Distribution of Records in the Final Data Set  
Active Region # of Earthquakes # Recordings 
Alaska 3 15 
Armenia 1 1 
California 75 1262 
Canada 1 3 
Georgia 1 5 
Greece 7 12 
Idaho 2 5 
Iran 2 9 
Italy 7 41 
Japan 1 12 
Mexico 1 3 
Netherlands 1 2 
Nevada 1 4 
New Zealand 1 2 
Nicaragua 2 2 
Russia 1 1 
El Salvador 1 2 
Taiwan 15 1277 
Turkey 6 37 
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The final strong motion dataset includes 2690 records from 129 
earthquakes having magnitudes ranging from 4.8 to 7.9.  Table 4.2 presents the 
list of earthquakes in the final database for this study.  A complete list of the 
strong motion records selected for use in this study is included in Appendix A.   
The earthquake identification number (EQID) in Table 4.3 is the earthquake 
identification number from the NGA database.  The 129 earthquakes from which 
2690 records are obtained have the following distribution of style of faulting: 62 
strike slip, 42 reverse or reverse oblique, and 25 normal or normal oblique.  The 
records are from sites
 
with a wide range of shear-wave velocities, VS30, ranging 
from just
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Table 4.2. Summary of Earthquakes Used in the Final Dataset 









12 1952 Kern County 7.36 1 
 Reverse 
oblique (RO) 
20 1957 San Francisco 5.28 1  Reverse (R) 
25 1966 Park field 6.19 4  Strike Slip (SS) 
28 1968 Borrego Mtn 6.63 1  SS 
29 1970 Lytle Creek 5.33 10  RO 
30 1971 San Fernando 6.61 35  R 
31 1972 Managua, Nicaragua-01 6.24 1  SS 
32 1972 Managua, Nicaragua-02 5.2 1  SS 
33 1973 Point Mugu 5.65 1  R 
34 1974 Hollister-03 5.14 2  SS 
35 1975 Northern California-07 5.2 5  SS 
36 1975 Oroville-01 5.89 1  Normal (N) 
37 1975 Oroville-02 4.79 2  N 
40 1976 Friuli, Italy-01 6.5 4  R 
41 1976 Gazli, USSR 6.8 1  R 
42 1976 Friuli, Italy-02 5.91 4  R 
43 1976 Friuli, Italy-03 5.5 3  R 
45 1978 Santa Barbara 5.92 1  RO 
46 1978 Tabas, Iran 7.35 4  R 
47 1979 Dursunbey, Turkey 5.34 1  N 
48 1979 Coyote Lake 5.74 10  SS 
49 1979 Norcia, Italy 5.9 3  N 
50 1979 Imperial Valley-06 6.53 33  SS 
51 1979 Imperial Valley-07 5.01 16  SS 
52 1979 Imperial Valley-08 5.62 1  SS 
53 1980 Livermore-01 5.8 6  SS 
54 1980 Livermore-02 5.42 7  SS 
55 1980 Anza-01 5.19 5  SS 
56 1980 Mammoth Lake-01 6.06 3  SS 
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Used in Study Mechanism 
58 1980 Mammoth Lake-03 5.91 4  SS 
59 1980 Mammoth Lake-04 5.7 3  SS 
60 1980 Mammoth Lake-05 5.7 2  SS 
61 1980 Mammoth Lake-06 5.94 5  SS 
63 1980 Mammoth Lake-08 4.8 7  SS 
64 1980 Victoria, Mexico 6.33 3  SS 
65 1980 Mammoth Lake-09 4.85 9  SS 
68 1980 Irpinia, Itally-01 6.9 12  N 
69 1980 Irpinia, Itally-01 6.2 10  N 
71 1981 Taiwan SMART 1(5) 5.9 7  R 
72 1981 Corinth, Greece 6.6 1  N 
73 1981 Westmoreland 5.9 6  SS 
74 1983 Mammoth Lake-10 5.34 1  SS 
75 1983 Mammoth Lake-11 5.31 1  SS 
76 1983 Coalinga-01 6.36 45  RO 
77 1983 Coalinga-02 5.09 20  R 
78 1983 Coalinga-03 5.38 3  R 
79 1983 Coalinga-04 5.18 11  R 
80 1983 Coalinga-05 5.77 9  R 
81 1983 Coalinga-06 4.89 2  R 
82 1983 Coalinga-07 5.21 2  R 
83 1983 Ierissos, Greece 6.7 1  SS 
84 1983 Trinidad offshore 5.7 2  SS 
85 1983 Coalinga-08 5.23 2  R 
86 1983 
Taiwan SMART 
1(25) 6.5 9  R 
87 1983 Borah Peak, ID-01 6.88 2  N 
88 1984 Borah Peak, ID-02 5.1 3  N 
90 1984 Morgan Hill 6.19 27  SS 
91 1984 Lazio-Abruzzo, Italy 5.8 5  N 
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Used in Study Mechanism 
95 1985 Taiwan SMART 1(33) 5.8 7  R 
96 1985 Drama, Greece 5.2 1  N 
97 1985 Nahanni, Canada 6.78 3  R 
98 1986 Hollister-04 5.45 3  SS 
99 1986 Mt. Lewis 5.6 1  SS 
100 1986 Taiwan (40)SMART 1  6.32 8  RO 
101 1986 N. Palm Springs 6.06 32  RO 
102 1986 Chalfant Valley-01 5.77 5  SS 
103 1986 Chalfant Valley-02 6.19 11  SS 
104 1986 Chalfant Valley-03 5.65 3  SS 
105 1986 Chalfant Valley-04 5.44 2  SS 
108 1986 San Salvador 5.8 2 SS 
111 1987 New Zealans-02 6.6 2  N 
113 1987 Whittier Narrows-01 6. 108  RO 
114 1987 Whittier Narrows-02 5.27 9  RO 
115 1987 Superstition Hills-01 6.22 1  SS 
116 1987 Superstition Hills-02 6.54 11  SS 
117 1988 Spitak, Armenia 6.77 1  RO 
118 1989 Loma Prieta 6.93 77  RO 
119 1990 Griva, Greece 6.1 1  N 
120 1991 Georgia,USSR 6.2 5  R 
121 1992 Erzican, Turkey 6.69 1  SS 
122 1992 Roermond, Netherlands 5.3 2  N 
123 1992 Cape Mendocino 7.01 6  R 
125 1992 Landers 7.28 68  SS 
126 1992 Big Bear-01 6.46 38  SS 
127 1994 Northridge-01 6.7 155  R 
128 1994 Double Springs 5.9 1  SS 
129 1995 Kobe, Japan 6.9 12  SS 
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EQID YEAR Earthquake 
Moment 
Magnitude 
# of Recordings 
Used in Study Mechanism 
131 1995 Kozani, Greece-02 5.1 2 N 
132 1995 Kozani, Greece-03 5.3 2 N 
133 1995 Kozani, Greece-04 5.1 2  N 
134 1995 Dinar, Turkey 6.4 2  SS 
136 1999 Kocaeli, Turkey 7.51 17  RO 
137 1999 Chi-Chi, Taiwan 7.62 343  R 
138 1999 Duzce, Turkey 7.14 13  SS 
139 1972 Stone Canyon 4.81 3  SS 
140 1972 Sitka, Alaska 7.68 1  R 
141 1976 Caldiran, Turkey 7.21 1  SS 
143 1990 Upland 5.63 3  SS 
144 1990 Manjil, Iran 7.37 5  SS 
145 1991 Sierra Madre 5.61 9  R 
147 1994 Northridge-02 6.05 15  R 
148 1994 Northridge-03 5.2 7  R 
149 1994 Northridge-04 5.94 7  R 
150 1994 Northridge-05 5.13 8  R 
151 1994 Northridge-06 5.28 48  R 
152 1992 Little Skull Mtn, NV 5.65 4  R 
153 1997 Northwest China-01 5.9 2  N 
154 1997 Northwest China-02 5.93 2  SS 
155 1997 Northwest China-03 5.8 1  N 
156 1997 Northwest China-04 5.8 2  SS 
157 1998 San Juan Bautista 5.17 1  SS 
158 1999 Hector Mine 7.13 79  SS 
160 2000 Yountville 5.0 24  SS 
162 2001 Mohawk Val, Portola 5.17 6  SS 
163 2001 Anza-02 4.92 72  SS 
164 2001 Gulf of California 5.7 11  SS 
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EQID YEAR Earthquake 
Moment 
Magnitude 
# of Recordings 
Used in Study Mechanism 
166 2002 Gilroy 4.9 36  SS 
168 2002 
Nenana Mountain, 
Alaska 6.7 5  SS 
169 2002 Denali, Alaska 7.9 9  SS 
170 2003 Big Bear City 4.92 36  SS 
171 1999 Chi-Chi, Taiwan-2 5.9 199  R 
172 1999 Chi-Chi, Taiwan-3 6.2 189  R 
173 1999 Chi-Chi, Taiwan-4 6.2 202  R 
174 1999 Chi-Chi, Taiwan-5 6.2 168  R 
175 1999 Chi-Chi, Taiwan-6 6.3 165 R 
 
4.3.1. Distribution of Parameters Investigated in This Study 
  Distributions of the magnitude, distance, and NEHRP Site Class for the 
records used in this study are presented in Figure 4.2.  The distribution of just the 
NEHRP Site Class for the records used in this study is illustrated in Figure 4.3.  It 
can be seen from Figure 4.3 that the data set is dominated by records obtained at 
site classified as Site Class C or D.  Histograms of the distribution of moment 
magnitude (M) and the closest distance to rupture zone (RRUP) for the records 
used in this study are shown in Figure 4.4.  Histograms of the average shear wave 
velocity of top 30 m of soil (Vs30), the depth to shear wave velocity of 1.0 km/s 
(Z1.0), and the depth to the top of rupture (ZTOR) used in this study are presented in 
Figure 4.5.  The Distributions of M and Vs30 for the records used in this study are 
shown in Figure 4.6.  The distribution of RRUP, and Vs30 for the records used in the 
study are shown in Figure 4.7.  The Vs30 axis in Figure 4.6 and 4.7 is also divided 
based upon NEHRP Site Class.   
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Figure 4.2. Distribution of Magnitude, Distance and NEHRP Site Class for the   
       Records Used in This Study 
                                          
        
 































Figure 4.4. Histogram of M and RRUP for the Records Used in This Study 
 






Figure 4.5. Histograms of Vs30, Z1.0 and ZTOR for the Records Used in This Study 
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Figure 4.6. Distribution of M, Vs30 and NEHRP Site Class for the Records Used  
       in This Study 
 
 
Figure 4.7. Distribution of Distance, Vs30 and NEHRP Site Class for the Records   
       Used in This Study 
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4.4. Summary 
 The strong motion dataset developed for use in this study includes 2690 
pairs of horizontal components of strong motion records from 129 shallow crustal 
earthquakes having moment magnitude ranging from 4.8 to 7.9.  In developing 
this dataset from the NGA database Flatfile Version 7.2 the following records 
were excluded: records not representative of shallow crustal tectonics: records 
with missing key source meta data or unreliable estimates of closest distance: 
records without a Vs30 estimate: records not representative of free-field response: 
records without two horizontal components: records from non-Western U.S. 
recording stations at distances greater than 100 km from the source: records from 
Western U.S. earthquakes from distances greater than 200 km and records with  
magnitude less than 4.75.  
 The distribution of the strong motion dataset developed for the use in this 
study is described in Tables 4.1 and 4.2 and Figures 4.3 through 4.7.  These tables 
and figures show that this data set is dominated by records obtained at sites 
classified as NEHRP Site Class C and D and by records at distances of 10 km to 
100 km from the rupture.  Furthermore, the largest number of records is from 
earthquakes of magnitudes between 6 and 6.5 but database also includes a 
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CHAPTER 5 
INVESTIGATION OF SIGNIFICANT DURATION CHARACTERISTICS 
5.1. Introduction 
The characteristics of two significant durations, SD575 and SD595, were 
investigated for the strong ground motion dataset of 2,690 pairs of horizontal 
components of strong ground motion records from 129 earthquakes having 
moment magnitude ranging from 4.8 to 7.9 developed in the previous chapter.   
Two stages of analyses were performed to examine the characteristics of these 
two significant duration parameters.  In the first stage of the analyses, the 
correlation between the two significant durations and independent variables 
representing earthquake source parameters (i.e., M, mechanism of faulting, ZTOR); 
path parameters (i.e., RRUP) and site parameters (i.e.Vs30 and Z1.0) and significant 
duration parameters were investigated to assess the dependence of significant 
duration on these independent variables.  In the second stage of the analyses, the 
Husid plots of several strong ground motion time histories were studied to assess 
the effects of magnitude, distance, and site conditions on the shape of Husid plots.  
5.2. Calculation of Significant Duration 
Values of significant duration are not contained in the NGA Flatfile.  To 
calculate the significant duration of each earthquake ground motion in the data set 
developed for this study, the acceleration time histories from earthquake ground 
motion databases were first downloaded from PEER website and processed as 
necessary.  Both the SD575 and SD595 significant duration measures were 
calculated separately for each of the two horizontal components of the 2,690 
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strong ground motion records using Equations 5.1 through 5.4.  The geometric 
mean of two horizontal components was calculated for each of the significant 
duration measures using Equation 5.5.  A sample of the results for SD595 and 
SD575 for several recording stations is shown in Table 5.1 
              
   
      
 
 
   
  
      
                                                            (5.1) 
                                                                                                                         
              
   
      
 
 
   
  
      
                     (5.2) 
                                                                                                                        
              
   
      
 
 
   
  
      
                                                            (5.3) 
                                                                              
              
   
      
 
 
   
  
      
                                                            (5.4)                    
 
                                                                        (5.5)       
 
A sample calculation of significant duration is shown in Figure 5.1 using 
the same time history used in Figure 2.1.  The significant durations SD 595 and 
SD575 of the two orthogonal components of ground motion for the Carson-Water 
Street station from 1997 Northridge earthquakes shown in Figure 5.1 were 
evaluated and the results are shown in Figure 5.1.  The geometric means of 
SD595 and SD575 of the two orthogonal components of ground motion for the 
station Carson-Water Street Station are 22.9 and 13.9 seconds, respectively.  
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Figure 5.1. Evaluation of SD595 and SD575 of Strong Shaking using Husid Plot:  
       Acceleration Time History of Station USC 90081 Carson-Water St    
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Table 5.1. Sample Results of SD595 and SD575  
Record 









12 Kern County 30.15/17.82 30.92/17.34 30.56/17.58 
23 San Francisco 4.77/1.16 3.37/1.01 3.95/1.05 
28 Park field 28.54/14.6 26.65/14.36 27.55/14.44 
30 Park field 7.48/2.74 6.88/1.91 7.09/2.33 
31 Park field 13.16/5.38 10.65/3.99 11.78/4.68 
33 Park field 4.24/0.93 6.03/1.89 5.01/1.39 
40 Borrego Mtn 28.15/20.17 28.52/20.26 28.30/20.2 
41 Lytle Creek 10.93/ 4.99 9.77/3.92 10.28/4.43 
42 Lytle Creek 3.22/1.25 2.54/1.23 2.82/1.24 
43 Lytle Creek 9.97/4.75 11.8/5.77 10.81/5.26 
44 Lytle Creek 10.93/5.28 10.62/5.24 10.75/5.26 
45 Lytle Creek 3.01/ 1.31 2.05/0 .91 2.45/1.11 
46 Lytle Creek 13.13/ 5.51 12.22/4.51 12.61/5.01 
47 Lytle Creek 7.14/3.75 6.11/3.18 6.58/3.47 
48 Lytle Creek 9.92/5.12 9.64/4.92 9.75/5.01 
49 Lytle Creek 5.20/2.78 4.34/2.56 4.73/2.67 
50 Lytle Creek 3.42/2.13 2.73/1.39 3.03/1.76 
51 San Fernando 44.6/22.11 54.05/28.13 49.08/25.12 
52 San Fernando 16.61/8.46 12.23/5.92 14.23/7.19 
55 San Fernando 21.20/14.02 21.43/13.02 21.1/13.52 
56 San Fernando 17.23/7.79 18.21/8.83 17.69/8.32 
57 San Fernando 14.53/5.22 15.30/6.41 14.89/5.75 
58 San Fernando 10.32/5.69 8.73/3.22 9.47/4.44 
59 San Fernando 10.42/5.88 1.11/5.63 10.23/5.74 
62 San Fernando 7.37/5.25 6.91/4.73 7.14/4.98 
63 San Fernando 12.12/2.22 14.25/3.63 13.14/2.95 
64 San Fernando 8.34/5.12 8.23/4.65 8.27/4.85 
65 San Fernando 7.22/3.51 7.14/3.48 7.18/3.49 
66 San Fernando 17.71/7.50 17.42/7.35 17.55/7.42 
67 San Fernando 26.9/21.4 25.32/18.01 26.08/19.63 
68 San Fernando 11.9/6.21 9.63/4.25 10.69/5.02 
70 San Fernando 14.2/4.98 17.11/6.41 15.58/5.62 
71 San Fernando 10.7/2.59 11.94/2.83 11.28/2.71 
72 San Fernando 12.94/4.05 12.73/3.7 12.58/3.87 
73 San Fernando 9.42/2.79 11.91/2.98 10.58/2.86 
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5.3. Correlation between Duration and Source Parameters  
The magnitude dependence of the significant duration parameters was 
investigated in three different ways.  First, magnitude dependence was 
investigated by neglecting the influences of the path and site parameters and by 
focusing just on the recording stations at less than two km rupture distance for 
Site Classes A and B, since at these close distance the duration of the strong 
motion at a rock site (Site Classes A and B are rock sites) corresponds closely to 
the total time of rupture of the fault.  Figure 5.2 shows that an approximately 
linear relationship exists between logarithm of significant duration and moment 
magnitude for very close site to source distances at rock sites over magnitude 
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Figure 5.2. Correlation between Significant Duration Measures and Magnitude for 
       Rock Sites at RRUP Less Than 2km 
 
Next, the magnitude dependence of the significant duration for the entire 
data set was examined.  Figure 5.3 is a plot of the mean horizontal components of 
significant duration versus moment magnitude for all 2,690 pairs of strong motion 
records.  Figure 5.3 clearly shows that a strong relationship exists between 
significant duration and the moment magnitude.  Third, the magnitude 
dependence of the duration was examined for the three regional subsets of the 
data.  Figure 5.4 illustrates the correlation of significant duration with moment 
magnitude subsets of the data for records from California, for the records from 
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Figure 5.4 also shows a strong correlation between significant duration and the 
moment magnitude for all three regional subsets of data.  From Figures 5.2, 5.3, 
and 5.4 it appears that the logarithm of significant duration increases 
approximately linearly with moment magnitude. 
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Figure 5.4. Correlations of SD595 and SD575 with Moment Magnitude for   
       Different Regional Data Sets 
 
The effect of moment magnitude on significant duration was also 
examined for the subsets of records grouped by NEHRP Site Class.  Plots of 
SD575 and SD595 with moment magnitude for Site Classes A and B and for Site 
Classes C and D for different distance bins (i.e., RRUP = 0 – 20 km, 20 – 40 km, 
etc) are presented in Figures 5.5 and 5.6.  An increase in significant duration with 
increasing moment magnitude can be observed for all distance ranges for both 
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Figure 5.5. Correlation of SD595 and SD575 with Moment Magnitude for    














































Figure 5.6. Correlations of SD595 and SD575 with Magnitude for Site Classes C   
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A scatter diagram of significant duration versus the depth to the top of 
rupture is shown in Figure 5.7.  The data points in Figure 5.7 also show SD595 
and SD575 values with respect to mechanism of faulting.  Based upon Figure 5.7, 
there appears to be no discernable relationship between the significant duration 
and either the depth to the top of rupture or the mechanism of faulting.   
 
 
Figure 5.7. Correlations of SD595 and ZTOR (Top) and SD595 and SD575 with   
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To further understand the duration characteristics of the records in the 
database, Husid plots for several of the acceleration time histories were 
constructed to examine the evolution of the time history in the selected records. 
The Husid plot of a horizontal acceleration time history typically consists of three 
segments: an initial flat segment which is associated with the arrival of Primary 
waves (P-waves) at the recording station, a middle steep segment which is 
associated with arrival of Shear waves (S-waves) at the site and a final flat 
segment which is associated with arrival of surface waves (Dobry et al. 1978).  To 
isolate the influences of the path and site class on the characteristics of a Husid 
plot, initially Husid plots from the recording stations in close proximity to the 
fault rupture were studied, since at these stations the significant duration is 
primarily a function of time of rupture at the fault.  Figure 5.8 shows two Site 
Class B (weak rock) time histories along with their Husid plots.  One of these 
time histories is from the magnitude 5.1 1973 Hollister earthquake and the other 
time history is from the magnitude 5.6 1991 Sierra Madre event.  Both of these 
records were obtained at very close site to source distance.  The SD595 significant 
duration for the two events was 2.5 and 3.3 seconds respectively.  The event with 
the larger magnitude resulted in the larger significant duration value.  It can be 
seen from Figure 5.8 that 90% of the total energy of each time history is included 
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Figure 5.8. Husid Plots showing the Time of Rupture at Faults from 1973     
       Hollister (Top) and 1991 Sierra Madre Event (bottom)   
 
 To further examine the effect of magnitude on significant duration, the 
Husid plots from time histories recorded at the same site in two different 
earthquakes at similar distance from the site were compared.  For this comparison, 
recordings made during the M 5.6 1991 Sierra Madre earthquake and the M 6.0 
1987 Whittier Narrows at the same recording station the Vasquez Rock Park 
recording station, a Site Class B location in Southern California were employed.  
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Figure 5.9 shows the Husid plots along with acceleration time histories from these 
two earthquakes.  The site-to-source distances for both events was approximately 
45km and the SD595 values at the site were 4.5 seconds and 8.8 seconds in the M 
5.6 and M 6.0 events, respectively.  As with the plots in Figure 5.8, the plots in 
Figure 5.9 also show an influence of moment magnitude on significant duration, 
as the larger significant duration is associated with the larger moment magnitude 
earthquake.  The middle steep segment of Husid plot is also the dominant 
characteristic of both of these strong motion time histories plotted in Figure 5.9.  
However, it is also important to note that events with a bilateral rupture such as 
the 1989 Loma Prieta earthquake have significantly lower rupture times and 
hence produce ground motions with shorter durations than events of the same 











  60 
 
   
 
 
Figure 5.9. Plot Illustrating SD595 at Vasquez Rock Park for the M 5.6 1991   
        Sierra Madre (top) and the M 6.0 1987 Whittier Narrows Event   
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5.4. Investigation of Correlation between Duration and Path Parameters 
 
The distance dependence of significant duration was studied by analyzing 
both the entire dataset and the dataset divided into three regional subsets.  Figure 
5.10 shows significant duration versus RRUP for the entire dataset. Figure 5.11 
shows significant duration versus RRUP for the three regional subsets.  These 
figures show that in contrast to peak ground acceleration, the significant duration 
becomes larger with increasing distance.  It can also be seen from Figure 5.10 and 
5.11 that the scatter of data also becomes larger with increasing distance.  These 
figures also suggest that logarithm of significant duration increases approximately 
linearly with distance at large distances and that larger duration values are 
associated with large distances.  The increase in duration at longer distances is 
due to the presence of slowly propagating surface waves arriving at sites at long 
distance from the fault rupture as well as indirect body wave (P-waves and S-
waves) arrivals due to the increased numbers of refractions and reflections and 
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Figure 5.11. Correlation of Significant Duration Measures with Rupture Distance   
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Figure 5.12 shows the correlation of the two significant duration measures 
employed in this dissertation with rupture distance for different magnitude bins. 
The same pattern of increase in significant duration with distance can be observed 




Figure 5.12. Correlation of Significant Duration Measures with Rupture Distance   
         for Several Magnitude Bins 
 
In addition to the influence of magnitude, the influence of distance on 
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Correlations of SD575 and SD595 with distance for the entire data separated into 
NEHRP Site Classes A and B, Site Classes C and D, and Site Class E are 
presented in Figure 5.13.  The effects of magnitude and distance for the three 
NEHRP site class groups are shown individually in Figures 5.14 - 5.16.  It can be 
observed from Figures 5.14 - 5.16 that the logarithm of significant duration 
increases approximately linearly with distance within each group of site classes 
and magnitude bin. 
 
 
Figure 5.13. Correlation of SD 595 and SD575 with Rupture Distance for Site   
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Figure 5.14. Correlation of SD595 and SD575 with Rupture Distance for Site   
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Figure 5.15. Correlation of SD595 and SD575 with Rupture Distance for Site   
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Figure 5.16. Correlations of SD595 and SD575 with Rupture Distance for Site   
         Class E at Different Moment Magnitudes 
 
To further examine the influence of magnitude and distance on significant 
duration, the data for Site Classes B through E were plotted individually against 
rupture distance for half moment magnitudes.  The resulting correlation plots are 
shown in Figures 5.17- 5.22.  A dependence of significant duration on distance 
can be observed for each of these NEHRP site classes.  It can also be observed for 
all magnitude bins at all site classes that the dependence of significant duration on 
distance may be approximated by a linear relationship. This linear relationship is 
in particularly noticeable in the plots for Site Classes C and D (the plots which 
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 The influence of RRUP on the significant duration was also examined 
through the study of Husid plots.  The effects of RRUP on significant duration at 
three NEHRP Site Class B sites, Antelope Butte (RRUP = 46km), Anacapa Island 
(RRUP = 68km), and Rancho Cucamonga (RRUP =80 km)), for the 1994 Northridge 
earthquake are shown in Figure 5.23.  A systematic increase in significant 
duration with increasing distance can be observed in Figure 5.23.  The Husid plots 
in Figure 5.24 illustrate the influence of site to source distance on significant 
duration at four NEHRP Site Class C sites for 1994 Northridge earthquake.  The 
plots also show an increase in the significant duration at larger distance.  Further, 
it can be seen from Figure 5.24 that the fraction of the energy contained in the 
final portion (the third, relatively flat, segment of the curve) of the Husid plot 
increases with distance.  The increase in the fraction of the energy in the final 
segment of Husid plot may be attributed to the increased importance of surface 












Figure 5.23. Plots illustrating effects of Rrup on SD595 at Site Class B (1994   
         Northridge Earthquake) 
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Figure 5.24a. Beverly Hills-12520 Mulhol 
 (distance to source = 18km) 
 
Figure 5.24b Anaverde Valley-City R  




Figure 5.24c. Glendora-N Oakbank 
(distance to source = 58km) 
 
Figure 5.24d Newport Beach Irvine 
Ave F.S (distance to source = 88km) 
 
Figure 5.24. Plots Illustrating Effects of Site to Source Distance on SD595 at Site   
         Class C Stations (1994 Northridge Earthquake) 
 
In contrast to earthquakes with a unilateral rupture, bilateral rupture 
earthquakes do not follow the pattern of increase in duration at larger distances.  
The effect of bilateral rupture on the Husid plot is presented in Figure 5.25 for 
two time histories from Loma Prieta earthquake: the Anderson Dam recording 
station located at a distance of 20 km from the rupture with a SD595 of 10.5 
  77 
seconds and at the Golden Gate recording station at a distance of 80 km from 
rupture with a SD595 of 6.6 seconds for the 1989 Loma Prieta earthquake.  
However, since one cannot know before-hand if an earthquake is going to be 
unilateral or bilateral, there is no clear way to incorporate this effect into an 





Figure 5.25. Husid Plots of Bilateral Events: 1989 Loma Prieta Event at       
         Recording Stations Anderson Dam (left) and Golden Gate Bridge   
         (right)  
 
5.4. Investigation of Correlation between Duration and Site Parameters  
 The dependence of the significant duration on the local site condition was 
also investigated by analyzing both the entire data and the three regional subsets 
as illustrated in Figure 5.26 and 5.27, respectively.  It can be observed from 
Figures 5.26 and 5.27 that the significant duration increases as the average shear 
wave velocity of the top 30m of soil decreases.  Furthermore, it can be seen from 
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Figures 5.26 and 5.27 that there is strong correlation between significant duration 
and VS30.  Figures 5.26 and 5.27 suggest that the significant duration at a site 
classified as Site Class E may be significantly longer than at a site classified as 
Site Classes A or B, all other parameters being equal. The trend of increasing 
significant duration with decreasing VS30 is consistent with results from several 
other studies (e.g. Dobry et al. 1978).  
 










































Figure 5.27. Correlation of Significant Duration Parameters and Vs30 for Three   
         Regional Data Subsets 
 
The bottom plot in Figure 5.28 shows a plot of SD595 and SD575 versus 
Z1.0, depth to a shear wave velocity of 1000 m/s for the entire of the dataset and 
the top part of this figure shows SD595 versus Z1.0 with data points differentiated 
as a function of site class.  No correlation was discerned from Figure 5.28 
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Figure 5.28. Correlations of Significant Duration and Z1 for Different Site   
         Classes 
 
Husid plots of several time histories from California and Taiwan 
earthquakes were studied to see the effects of the local site conditions on the 
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recording stations in Site Classes B, C, and E for the M 6.7 1994 Northridge 
earthquake and the M 7.3 1999 Chi-Chi earthquake.  It can be seen from Figure 
5.29a that significant duration at a station on a site classified as Site Class B is 
mainly associated with direct arrival of Shear waves (note the steep slope of the 
middle portion of the Husid plot) from the source.  However, the shape of the 
Husid plots on the sites classified as Site Class E looks very different from those 
of the Site Class B site.  Seismic waves traveling through a site Class D or E soil 
profile may encounter many reflections and refractions, causing their Husid plots 
to have a different shape than Husid plots for Site Class A or B.  Other possible 
reasons for this difference include differences in the dynamic properties of rock 
and soil, amplification of body waves by basin sediments, and delayed (indirect) 
body-wave arrivals.  It can also be seen from the Husid plots in Figure 5.29 and 
5.30 that duration increases as we move from Site Class A to Site Class E, as 
noted previously.  For both the Northridge and Chi-Chi events the largest 
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Figure 5.29a. Antelope Butte Station (NEHRP Site Class B) SD595 = 15s 
 
Figure 5.29b. Rolling Hills Est-Rancho Vista (NEHRP Site Class C) SD595 = 18s 
 
 
Figure 5.29 c. Carson-Water St Station (NEHRP Site Class E) SD595 = 23s 
Figure 5.29.  Effects of Site Class on Husid Plot from the 1994 Northridge Event 
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Figure 5.30c. CHY076 Station (NEHRP Site Class E) SD595 = 42 Sec  
Figure 5.30. Effect of Site Class on Husid Plots from the 1999 Chi-Chi Event 
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5.5. Significant Duration Effects for California Earthquakes 
 
Significant duration trends for several California earthquakes (1985 N. 
Palm Springs, 1983 Coalinga, 1992 Landers, 1994 Northridge, 1987 Whittier 
Narrows, 1999 Hector Mine, 1971San Fernando, 1989 Loma Prieta, and 1979 
Imperial Valley) are illustrated in Figure 5.31 through 5.40.  These Figures 
provide further insight on the influences of RRUP and NEHRP Site Class on 
significant duration.  The majority of California earthquake records are from 
stations at Site Class C and D sites.  Therefore, most of the data in Figure 5.31 
through 5.37 are for Site Class C and D sites.  All California events except the 
1989 Loma Prieta (shown in Figure 5.35) shows an approximately linear increase 
in the logarithm of significant duration with distance.  
 
 
Figure 5.31. Correlation of SD595 with Rupture Distance at Site Class C and D  
















N Palm Spring M =6.06
Coalinga  M =6.3
Landers M= 7.3
Northridge M=6.7
Whittier Narrows M = 5.99
Hector Mine M =7.13
San Fernando M =6.5
Imperial Valley M=6.5
Loma Prieta M=6.9
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Figure 5.32. Correlation of Significant Duration and RRUP for Classes C and D for 






Figure 5.33. Correlation of Significant Duration and RRUP for Site Classes A-D  
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Figure 5.34. Correlation of Significant Duration and RRUP for Site Classes C and  





Figure 5.35. Correlation of Significant Duration and RRUP for Site Classes A-E for 
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Figure 5.36. Correlation of Significant Duration and RRUP for Site Classes A-D  
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Figure 5.37. Correlation of Significant Duration and RRUP for Classes C and D for 
          the M 6.06 1986 N. Palm Springs   
 
 
Figure 5.38. Correlation of Significant Duration and RRUP for Classes C and D for 
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Figure 5.39. Correlation of Significant Duration and RRUP for Class D for the M  




Figure 5.40. Correlation of Significant Duration and RRUP for Classes C and D for 
          the M 6.61 1971 San Fernando  
 
5.6. Significant Duration Effects in Other Regions  
 
Significant duration effects in the Taiwan earthquakes in the database and 
in the earthquakes in the database from regions other than Taiwan and California 













 Site Class D SD595













 Site Class C  SD575
 Site Class C SD595
 Site Class D SD575
 Site Class D SD595
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significant duration.  Figures 5.41 - 5.44 illustrate the relationship among 
significant duration and distance and site class for these earthquakes.  However, 
the correlation between significant duration and distance in Taiwan and in other 
region outside of Taiwan and California does not appear to be as strong as 
observed in California events.  
 
Figure 5.41. Correlation of Significant Duration Parameters and RRUP for the M  
         6.9 1980 Irpinia, Italy Earthquake  
 
 
Figure 5.42. Correlation of Significant Duration Parameters and RRUP for the M  
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Figure 5.43. Correlation of Significant Duration Parameters and RRUP for the M  
          7.5 1999 Kocaeli, Turkey Earthquake   
 
 
Figure 5.44. Correlation of Significant Duration Parameters and RRUP for the M  
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Figure 5.45. Correlation of Significant Duration Parameters and RRUP for Class   
         C and D for the M 7.6 1999 Chi-Chi, Taiwan Earthquake  
 
5.7. Summary 
Significant duration is affected by a variety of factors including the 
characteristics of the seismic source, the path the seismic wave takes between the 
seismic source and the recording site, and the local soil condition at the recording 
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records developed for this study from NGA Flatfile Version 7.2 show that as 
magnitude of the earthquake increases, the duration of the strong motion 
increases.  The data also suggests that as the distance from the earthquake source 
increases, the duration of the strong motion increases due to a variety of effects, 
including late arrivals of the surface waves at more distant sites, reflection and 
refraction of seismic waves at soil sites, and scattering effects during wave 
propagation.  Furthermore, the correlation of significant duration measures with 
near surface shear wave velocity shows that the duration of the strong ground 
motion increases as shear wave velocity of top 30 m of soil decrease.  The data 
also suggests that significant duration is not correlated with depth to the top of 
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CHAPTER 6 
EMPIRICAL MODEL FOR THE SIGNIFICANT DURATION 
6.1. Introduction 
Developing an empirical model to properly characterize repeated but 
variable measurements from earthquakes such as strong ground motion data 
generally entails estimation not only of the expected value but also of the 
variability between and within events.  Further, it is not uncommon for the 
relationship between an independent variable and a response variable to be 
nonlinear (i.e. relationship between significant duration and moment magnitude).  
Nonlinear mixed effects models provide a tool for analyzing such data taking into 
account both types of variability (intra- and inter-event data) and the nonlinear 
relationships between the independent and the dependent variables.  A nonlinear 
model generally uses fewer parameters, gives a more parsimonious description of 
data, and provides more reliable predictions of the response variable outside the 
observed range of data than a linear model would. 
In the conventional statistical regression methods such as the least-squares 
method, the entire data is regressed at once.  However, since the data in NGA 
Flatfile Version 7.2 has strong motions from different events each with varying 
number of recordings, the resulting regression would be disproportionally 
influenced by the events having the largest number of motions.  Therefore a 
mixed effects model which incorporates both the fixed effects (influence only the 
mean of the dependent variable) and random effects (influence only the variance 
of the dependent variable) can be used to decrease the bias introduced by those 
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events with the largest number of records in the dataset.  Fixed effects are 
unknown constants to be estimated from the data.  Random effects govern the 
variance- covariance structure of the response variable.  The use of a mixed effect 
model was first proposed by Brillinger and Preisler to improve the estimation of 
the regression coefficients in strong ground motion attenuation data and to 
separate the uncertainties associated with between-earthquakes and within-
earthquake variations (1985).  Abrahamson and Youngs introduced an alternative 
algorithm based on a maximum likelihood approach which they considered to be 
more stable, though less efficient, for ground motion analyzing attenuation data 
that the algorithm used by Brillinger and Priestler (1992).  The Abrahamson and 
Youngs approach, also used by Abrahamson and Silva and Chiou and Youngs in 
developing their NGA models, is employed herein to develop an empirical 
equation for the significant duration of strong ground motion (2008).  
6.2. Regression Method   
 Assuming that the logarithm of the significant duration is the dependent 
variable, the Brillinger and Preisler approach for deriving an empirical 
relationship from repeated data points considers a mixed effect model of the form 
                                                                                 (6.1) 
 where SDij is the significant duration in seconds of the j
th
 ground motion 
recording from the i
th
 earthquake event, RRUPij is rupture distance in km for the j
th
 
ground motion recording during the i
th
 earthquake event.  Mi is the moment 
magnitude of the i
th
 earthquake event; θ is the model coefficient matrix,  i is the 
error (or residual) associated with the inter-event data and  ij is the intra-event 
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terms.   The error (or residual) between predicted and observed values of SDij in 
the model described by Equation 6.1 consists of two components,  i and  ij.  The 
inter-event term,  i, represents the between group variability resulting from 
differences in the data recorded from different earthquakes and has mean of zero 
and a standard deviation of τ.  The intra-event term,  ij, represents the within 
group variability among the different stations for the same earthquake and has a 
mean of zero and a standard deviation σ.  The total error in the mixed effect 
regression is then computed as the square root of the sum of the squares according 
to Equation 6.2.  
                                                                                                    (6.2) 
According to Pinheiro and Bates, there are two assumptions inherent in the  
mixed effects model (Equation 6.1): 1) the intra-event errors are independent and 
normally distributed with zero mean and standard deviation σ. 2) the random 
effects are normally distributed, with a mean of zero and covariance matrix Ψ and 
they are independent for different groups (2000).  
6.3. Development of the Significant Duration Model 
According to Trifunac et al. the duration of strong ground motion may be 
represented as the sum of the contribution of the duration of the rupture process at 
the source, the duration due to propagation path effects, and the duration due to 
site effects (2001).  Therefore, the influence of distance and site terms should be 
taken as additive to the rupture process duration.  This additive relationship can be 
expressed by Equation 6.3, wherein the significant duration of the strong ground 
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motion is the sum of duration of the rupture process at the source, propagation 
path effects, and the site effect parameter. 
                                                                         (6.3) 
The selected functional forms for the significant duration terms in 
Equation 6.3 should describe the dependence of the significant duration on wave 
propagation and site effects variables in the best possible way.  While the selected 
functional forms are usually dictated by the data when plotted against all the 
independent variables, they should also be physically acceptable. 
   It was observed from Figure 5.2 in Chapter Five of this dissertation that 
the logarithm of duration increases with increasing earthquake magnitude and it 
was concluded that time of the rupture is approximately linearly related with 
magnitude.  This is physically acceptable, as larger fault rupture dimensions are 
normally associated with large magnitude earthquakes and according to Dobry et 
al. the duration of strong ground motion at a site is related to the duration of 
rupture along a fault (1978).  Because the rupture velocity does not change 
significantly with magnitude, the duration of fault rupture, which is closely 
related to the duration of the earthquake record, should therefore increases with 
increasing earthquake magnitude.  Total length of the fault rupture equals to the 
product of velocity of rupture and the rupture time.  Since the rupture velocity is 
generally a constant, the duration of rupture is therefore proportional to the size of 
the fault, and hence, proportional to earthquake magnitude (e.g., Patwardhan et al. 
1957, Kanamori and Anderson 1975; Geller 1976).  
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A linear relationship between logarithm of duration and moment 
magnitude for rock sites has been demonstrated in previous empirical studies of 
significant duration (Dobry et al. 1978) and is supported by seismological models 
(e.g., McGuire and Hanks 1980).  The magnitude scaling functional forms of 
predictive relationships for the significant duration proposed by Abrahamson and 
Silva and Kempton and Stewart presented in Table 2.1, are based upon the Hanks 
seismic source relationships between magnitude and rupture length and the 
Brune’s seismic source model (1996, 2006, 1979, 1971, respectively). The 
Brune’s seismic source model states that at short distances on rock sites, the 
logarithm of the rupture duration can be approximated by the inverse of the 
logarithm of the corner frequency of the strong earthquake motion (1971).  The 
corner frequency can be expressed in terms of stress drop and seismic moment. 
The logarithmic properties (i.e., product, quotient, and constant multiple rules of 
logarithm) can be applied to the magnitude scaling function of the Abrahamson 
and Silva significant duration model (1996) by converting product, quotient, and 
exponential forms into sums, differences, and products, respectively, thereby 
reducing it to a linear function for natural logarithm significant duration in terms 
of moment magnitude.  Therefore, in this study a linear function was adopted for 
magnitude scaling of the logarithm of the significant duration of strong ground 
motion based upon the correlation studies performed in Chapter Five and the 
previous studies performed by other investigators.  
The correlation plots of correlations of significant duration versus distance 
in Figures 5.10 and 5.11 in Chapter Five of this dissertation indicated that the 
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logarithm of significant duration also increases linearly with distance for the 
entire dataset as well as for the regional subsets of data.  It was also observed with 
respect to Figures 5.14 through 5.16 for all magnitude bins at all Site Classes the 
dependence of the logarithm of significant duration on distance may be 
approximated by a linear relationship.  This linear relationship was in particularly 
notable in plots in Figure 5.15 for Site Classes C and D, the plots which have the 
greatest density of data point.  Therefore, in this study a linear function was 
adopted for distance scaling of the logarithm of the significant duration of strong 
ground motion based upon the correlation studies performed in Chapter Five.  
Results of correlations in Figures 5.26 through 5.28 and the Husid plot 
studies reported in Figures 5.29 through 5.31 in Chapter Five of this dissertation 
confirmed that larger significant duration values occur at softer soils (NEHRP 
Site Classes D and E) and that significant duration parameters decease linearly 
with an increase in Vs30.  Therefore, in this study a linear function was adopted for 
Vs30 scaling of the logarithm of the significant duration of strong ground motion 
based upon the correlation studies performed in Chapter Five.  
The final form of model was established based upon its ability to capture 
the observed scaling of the significant duration of time histories in the reduced 
dataset developed from the NGA data.  Based on the observed variation of 
significant duration parameters with moment magnitude, ruptured distance and 
average shear wave velocity of top 30 m of the site, the linear models for source, 
path, and site parameter in Equations 6.4-6.6 were adopted for the model 
expressed by Equation 6.3.  
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                                                      (6.4) 
 
                                                                                           (6.5) 
 
                                                                                                  (6.6) 
 
where M* in Equation 6.4 is a reference magnitude estimated by the regression. 
 
Based upon Equations 6.4-6.6, the model coefficient matrix, , consisted 
of coefficients C0, C1, C2, C3, C4, and C5. Several scenarios were considered in 
estimating the model coefficients.  In these scenarios, the coefficients C0 and C1 
were always treated as fixed due to convergence problems while the coefficients 
C2, C3, C4, and C5 were modeled as both fixed and random.  
The maximum likelihood method was used to estimate the model 
coefficients.  However, to compare several alternative candidate models, the 
Likelihood ratio tests of the Akaike information criteria (AIC) and the Bayesian 
information criteria (BIC) were employed.  These information criteria techniques 
emphasize minimizing the amount of information required to express the data and 
the model, which results in development of models that are efficient 
representation of the data.  The idea behind the AIC criteria is to select a model 
that minimizes the negative likelihood penalized by the number of parameters 
specified in the final model (Akaike 1973).  The AIC is presented in Equation 6.7. 
 A I C = - 2 log (Likelihood) + 2*(# parameters in model)                          (6.7)                    
Unlike AIC, BIC is derived within a Bayesian framework as an estimate 
of the Bayes factor for two competing models (Schwarz 1978; Kass and Rafftery 
1995). BIC is defined in Equation 6.8. 
B IC = - 2 log (Likelihood) + (# of parameters)* log (sample size)           (6.8)  
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BIC differs from AIC only in the second term which now depends on 
sample size.  Models that minimize the Bayesian Information Criteria are 
identified as the preferred model using the BIC approach.  From a Bayesian 
perspective, BIC is designed to find the most probable model given the data.  In 
this study, the selected model had the smallest values for both the AIC and BIC 
from among the various alternatives that were tested.                                                                                                                                                  
Model coefficients were estimated in the following manner.  Independent 
regressions were performed according to Equation 6.9 (a modified form of the 
linear relationship between logarithm of significant duration and magnitude 
presented in Equation 6.4) for different fixed values of M* found the estimates of 
C0 and C1 to be most stable for M* = 6.0.  
                                                                                (6.9) 
The coefficients from these regressions are tabulated in Table 6.1 along 
with their corresponding P-value.  A P-value is a measure of the credibility of the 
null hypothesis.  If something is sufficiently unlikely to have occurred by chance 
(P < 0.05), we can say that it is statistically significant.  The hypotheses for 
testing the significance of C1 are the null hypothesis: C1 = 0, and the alternative 
hypothesis: C1 # 0. It was concluded from these regressions that moment 
magnitude contributes significantly to the model (since significant level = P-value 
which was equal to 0.0 and is therefore less than .05).  Clearly these regressions 
provide strong evidence that the logarithm significant duration is linearly related 
to the moment magnitude of the strong ground motion. 
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Table 6.1. Regression Estimates for Magnitude Scaling Model for SD  
 
  C0 C1 P-value 
SD595 2.40829 0.47267 0 
SD575 1.54241 0.61467 0 
 
Once the coefficients for the magnitude dependent term of the significant 
duration were established, the relationship of significant duration with distance 
was evaluated.  Equation 6.5 presents a hypothetical linear relationship between 
the natural logarithm of significant duration and distance, RRUP.  Other functional 
forms for the distance dependent of significant duration were also considered, but 
the linear RRUP term was found to produce the lowest values of standard deviation 
of residuals, AIC, and BIC.   
                                                            (6.10) 
Mixed regressions were performed using Equation 6.10 by holding Co and 
C1 constant from previous regression, with C2 and C3 as coefficients to be 
determined by the regression.  Table 6.2 presents the results of these regressions. 
The significant level (P-value = 0) in the Table 6.2 indicates a statistically 
significant dependence of significant duration on rupture distance.  It therefore 
can be concluded that RRUP contributes significantly to the model (along with 
other independent variables that are included in the model).  
     Table 6.2. Regression Estimates for Magnitude and Distance Model for SD      
                                              
 C0 C1 C2 C3 P-value 
SD595 2.40829 0.47267 -0.25373 0.00838 0 
SD575 1.54241 0.61467 -0.33216 0.011385 0 
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For the site dependent function in the duration model, functional forms 
other than the linear relationship between the logarithm of significant duration 
with Vs30 presented in Equation 6.6 were considered.  However, the linear Vs30 
term was found to produce the lowest values of the standard deviation of 
residuals, AIC, and BIC.  To evaluate the coefficients describing the linear 
relationship between the natural logarithm of the significant duration and Vs30, a 
mixed regression was performed using Equation 6.11 with coefficients C4 and C5 
to be determined by the regression and  coefficients Co, C1, C2, and C3 were fixed 
to the values listed in Table 6.2.  
                                                                                       
The resulting regression coefficients are shown in Table 6.3.  The P-value 
of zero in Table 6.3 indicates a statistically significant dependence of significant 
duration on Vs30.  Therefore it can be concluded that Vs30 contributes significantly 
to the model (given that other regressors that are in the model).  
Table 6.3. Regression Estimates for Magnitude, Distance, and Site Model for SD  
 
  C0 C1 C2 C3 C4 C5 P 
SD595 2.40829 0.47267 -0.25373 0.00838 0.17581 -0.00059 0 
SD575 1.5424129 0.614659 -0.332157 0.011385 0 -0.00048 0 
 
   The effect of the depth to the shear wave velocity of 1000 m/s on the 
significant duration variable was investigated.  Eighty percent of strong motion 
time histories in the final data set did not have the site specific measured values of 
Z1.0.  Therefore Z1.0 parameters had to be estimated using the Abrahamson and 
Silva and Chiou and Youngs recommended empirical relationships between Vs30 
and Z1.0 (2008).  If Z1.0 and Vs30 are correlated, it is not essential to include Z1.0 as 
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a separate independent variable in the model since it would not contribute any 
additional information to the model.  Nonetheless, regression analyses using Z1.0 
were performed but the influence of Z1.0 was not found to be statistically 
significant Furthermore, since the parameters Z1.0 and VS30 were strongly 
correlated with each other, a statistics condition known as multicollinearity was 
discovered in the regression analyses.  Multicollinearity had a number of other 
serious effects on the estimates of regression coefficients.  It caused the regression 
coefficients and their variances for parameter Z1.0 to become unstable and 
unrealistic in sign and also resulted in large variances and covariances for the 
estimators of the regression coefficients.  The issue of multicollinearity along with 
lack of any significance in regression is the reason that depth parameter, Z1.0, is 
not included in empirical model.  
This study also attempted to incorporate the near fault rupture directivity 
parameters proposed by Somerville et al. into the functional form of significant 
duration model, as these investigators found that near fault rupture directivity 
decreased the duration of near-fault motions subject to forward directivity and   
increased the duration for sites subjected to backward directivity (1997).  Rupture 
directivity effects on significant duration were investigated using the residuals 
between a subset of the data with moment magnitude ranging from 6.5 to 7.9 and 
RRUP less than 20 km.  Based upon Somerville et al., the models employed to 
relate the residuals to rupture directivity parameters for the strike-slip mechanism 
(Equation 6.12) and dip slip mechanism (Equation 6.13), respectively, were: 
= C6 + C7 X cos(θ)                                                                        (6.12)                                                                                               
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= C6+ C7 Ycos ()                                                                        (6.13)                                                                      
where  is the residual of the natural logarithm of the duration, X and Y are along 
strike and up dip distance ratios, θ and  are azimuth and zenith angles of the 
fault, and C6 and C7  are regressed coefficients.  
Regressions were performed according to Equations 6.12 and 6.13 to 
estimate the coefficients C6 and C7.  However, influences of rupture directivity 
parameters were not found to be statistically significant (P-values = 0.865 which 
is significantly greater than 0.05).  The residual plots for the regressions 
performed using Equations 6.12 and 6.13 are shown in Figure 6.1.  These plots 
suggest that the introduction of rupture directivity parameters would not 
significantly improve their predictive capabilities of the model.  However, based 
upon the large P-values the functional forms employed herein are not appropriate 
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Figure 6.1. Residuals between Recorded Mean Horizontal Significant Duration  
       and that Calculated from the Model from This Study as a Function of   
       Distance and Directivity Parameters 
  
 Effect of style of faulting on significant duration was also investigated.  
Influence of the style of faulting was not found to be significant, i.e. when the 
dataset was grouped by mechanism of faulting no significant variation in bias 
were found. 
Equation 6.14 presents the final functional form of the significant duration 
equation developed herein: 
         
   
 
  
                                                                              
 
 The coefficients for Equation 6.14 along with its intra-event and inter-
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model is slightly less than the standard deviation for the Sd575 model, contrary to 
findings in Abrahamson and Silva (1996) study.  
Table 6.4. Coefficients and Logarithmic Standard Deviation Values for the 
Geometric Mean of Horizontal Significant Duration of Empirical Relationships 
 
Coefficient SD595 SD575 
C0 2.40829 1.54241 
C1 0.47267 0.61466 
C2 -0.25373 -0.33216 
C3 0.00838 0.011385 
C4 0.17581 0 
C5 -0.00059 -0.00048 
σ 0.29725 0.35234 
 0.33871 0.43876 
σtotal 0.45136 0.56265 
 
The significant duration model presented herein is data-driven and 
includes only those terms that are truly required to adequately fit the observational 
database. The relationships presented herein were developed for earthquakes with 
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6.4. Intra-Event and Inter-event Residuals 
A residual can be viewed as the deviation between data and the fit 
(regression relationship). A residual is also a measure of the variability in the 
response variable not explained by the regression model. Residuals can be thought 
of as the observed values of model errors. Any departures of the data from the 
assumptions on the model should show up in the residuals. Thus, plotting 
residuals is a very effective way to investigate how well the regression model fits 
the data, as well as a means to check the assumptions of the model.  
Figure 6.2 shows a histogram of the intra-event residual (in natural 
logarithm units) for the SD595 and SD575 models.  The histograms in Figure 6.2 
indicate that the distribution of residuals is normal for both SD595 and SD575. A 
normal distribution of residuals suggests that the assumptions of the model are 
correct, as the errors are uniformly distributed about the expected value predicted 
by the model. A very simple method of checking the normality assumption is to 
construct a normal probability plot of the residuals. This is a graph designed so 
that a cumulative normal distribution will plot as a straight line. Figure 6.3 shows 
the normal probability plots of the intra-event errors from the regression of the 
SD595 and SD575. As may be observed from this figure, the normal probability 
plot fall along relatively straight lines, indicating that the distribution of intra-
event residuals is normal and the assumptions employed in the mixed-effects 
analyses are valid.  
 
 




Figure 6.2. Histogram of Residuals for SD595 (Top) and SD575 (Bottom) 
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Figure 6.3. Normal Probability Plot of Intra-event Errors of SD595 (Top) and   
       SD575 (Bottom) 
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The validity of the magnitude dependence function employed in the 
significant duration model was also investigated through investigation of the 
model residuals.  Plots of the inter-event and intra-event residuals for predicted 
mean horizontal significant duration as function of moment magnitude are 
presented in Figures 6.4 and 6.5.  Figure 6.4 presents the inter-event residuals 
while Figure 6.5 presents the intra-event residuals.  No systematic trends are 
observed in the variation of these residuals with magnitude, indicating that linear 
relationship between the logarithm of significant duration and earthquake 












Figure 6.4. Inter-Event Residuals of SD595 (Top) and SD575 (Bottom)  
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Residuals were also used to evaluate the model assumptions with regard to 
distance (RRUP) and local site conditions (vs30).  The magnitude dependence and 
the distance dependence of the intra-event residuals are shown in Figures 6.6 
through 6.8.  Figure 6.6 shows the distribution of intra-event residuals as a 
function of magnitude and site classes, with the data for Site Class A and B 
plotted together and the data from Site Class C and D plotted together.  Figure 6.7 
shows the intra-event residuals for the entire data set as a function of RRUP.  
Figure 6.8 presents the inter-event residuals versus RRUP subdivided into the same 
site classes used in Figure 6.6 (Site Classes A and B plotted together and Site 
Classes C and D plotted together).  There is no trend seen in the residuals in any 
of these plots, indicating that the functional forms assumed in the model for these 
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Figure 6.6. Residuals of SD595 for Classes A and B and Classes C and D 
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Figure 6.7. Intra-Event Residuals of SD595 and SD575 Model as Function of  
       Rupture Distance  
 





Figure 6.8. Intra-Event Residuals of SD595 (Left) and SD575 (Right) Models for   
       Sites A and B and Site Classes C and D 
 
 
The assumption of a linear relationship between the natural logarithm of 
significant duration and Vs30 was evaluated through the plots of the intra-event 
residuals shown in Figures 6.9 and 6.10. Figure 6.9 shows the plot for all of the 
data.  Figure 6.10 groups the data into Site Classes A and B and Site Classes C 
and D.  Overall, there is no systematic trend in the residuals as a function of VS30 
in these figures, indicating that assumed linear relationship is valid. 
 




Figure 6.9. Intra-Event Residuals of SD595 and SD575 as Function of Vs30 
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Figure 6.10. Intra-Event Residuals of SD595 (Left) and SD575 (Right) Models as  
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6.5. Model Validation and Sensitivity Analyses  
An effective way to check the validity of the model with respect to its 
prediction performance is to collect new data and directly compare the model 
prediction against them.  The ground motion records from the magnitude 6.0 2004 
Parkfield earthquake which is not included in NGA Flatfile Version 7.2 were used 
to perform such a confirmation run.  The acceleration time histories for the 
Parkfield event are available in the National Strong Motion Program and the 
Center for Engineering Strong Motion Databases (2004, 2004).  The significant 
duration for the horizontal records obtained at each recording station during the 
2004 Parkfield event were computed according to Equations 3.3 and 3.4. Vs30 and 
RRUP values associated with each recording stations were taken from NGA Flatfile 
and Kaklamanos (2010), respectively.  Figure 6.11 shows  plots of SD595 and 
SD575 versus site to source distance for the 2004 Parkfield event dataset, along 
with the median and median plus and minus one standard deviation significant 
duration predicted using Equation 6.14, the coefficients in Table 6.4, and M = 6.0 
and VS30 = 400 m/s.  In general, there is good agreement between model 
prediction and the significant duration values calculated from the strong motion 
records.  However, the data from recording stations located within 5-8 km of 
rupture plane diverge significantly from the proposed model (i.e. are outside of 
the one standard deviation bound and / or show a systematic discrepancy.  A 
possible reason for this is that the model does not include any correction factors 
for rupture directivity and rupture directivity effects are most pronounced at short 
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distance.  This comparison suggests that the model should be used with caution 
for RRUP less than 10 km.   
 
 
Figure 6.11. Comparisons of Proposed Model Predictions of SD595 and SD575  





































M 6.0 2004 Parkfield Event
  122 
Several regression analyses were performed with different subsets of the 
data to check the sensitivity of the magnitude scaling in the significant duration 
model.  First all events with less than five recorded strong ground motion were 
removed from the data set.  Second all aftershocks data were removed from data 
set.  Next, regressions were performed separately on the three subsets of data used 
previously, i.e. the subsets for California, Taiwan and Other regions.  There was 
no significant change in regression coefficients due to any of these changes in the 
data set.  The coefficients of magnitude scaling and standard deviations from 
these regressions are listed in Table 6.5.  The intra-event residuals of several of 
these scenarios are shown in Figure 6.12.  
Table 6.5. Sensitivity Analyses Results for Magnitude Scaling Model 
Subsets of Data C0 C1 P-value σtotal 
More than 5 recordings only  2.4318  0.513406 0.0  0.4154 
Main-Shocks only  2.4312  0.542353 0.0  0.3792 
Ca  Records only  2.4036  0.4521065 0.0  0.4487 
Other Records only  2.3234  0.4712345 0.0  0.4833 










Figure 6.12. Intra-Event Residuals of SD595 and 575 for Three Regional Subsets   
         as Function of Moment Magnitude 
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6.6. Model Results 
 
 Curves for the median predicted significant duration measures (SD595 
and SD575) from the model are plotted against rupture distance in Figures 6.13 
and 6.14 for each NEHRP Site Class for three different magnitudes (M 5.5, M 
6.5, and M 7.5).  The median significant duration values were predicted using 
Equation 6.14 and the coefficients from Table 6.4.  The site class curves were 
developed using Vs30 values of 1600, 800, 400, 200, 100 m/s for Site Classes A, 
B, C, D, and E, respectively.   
Logical trends are observed in Figures 6.13 and 6.14: there is a systematic 
increase in duration with an increase in magnitude and distance and a decrease in 
the average shear velocity in top 30 meters.  The Class A sites produce 
approximately 70% smaller significant duration values than Class C sites, while 
Site Class E results in approximately 25% higher significant duration values than 
Site Class C.  It can be observed from Figures 6.13 and 6.14 that the estimated 
significant duration for site Classes A and B is consistently smaller than for site 








Figure 6.13. Effects of Site Class and Distance on SD595 Parameter for M = 5.5,   
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Curves for the median predicted values of  SD595 and SD575 are plotted 
against  moment magnitude in Figures 6.15 and 6.16 for each NEHRP Site Class 
and for three different distances (RRUP = 20, 50, and 80 km).  The site class curves 
were also developed using Vs30 values of 1600, 800, 400, 200, 100 m/s for Site 
Classes A, B, C, D, and E, respectively.  
Again, logical trends are observed in Figures 6.15 and 6.16: there is 
systematic increase in duration with increases in magnitude and distance and 
decreases in shear velocity in top 30 meters.  The Class A sites produce much 
smaller significant duration values than Class C sites, while Site Class E results in 
slightly higher significant duration values than Site Class C.  It can be observed 
from Figures 6.15 and 6.16 that the estimated significant duration parameters for 














Figure 6.15. Effects of Site Class and M on SD595 for RRUP = 20, 50, 80 km 
































































Figure 6.16. Effects of Site Class and M on SD575 for RRUP = 20, 50, 80 km 




























































  130 
6.7. Comparisons with Data for Individual Earthquakes 
Figures 6.17 through 6.22 show plots of model fit to the data for several 
earthquakes in California, Taiwan, and Other Regions. Almost all of the recorded 
data fall within plus and minus one standard deviation of the median with the 
exception of the 1999 Chi-Chi and 1989 Loma Prieta events.  Figure 6.20 shows 
the data from the 1989 Loma Prieta earthquake.  The data in this figure is 
consistently below the median with many data points falling below the one 
standard deviation bound.  Thus discrepancy is likely due to the bi-lateral nature 
of the rupture in the Loma Prieta event, which resulted in unusually short 
duration.  As shown in Figure 6.21, the 1999 Chi-Chi event produced larger 
significant duration values than the predicted median.  The data in this figure is 
consistently above the median and with data points falling above the one standard 
deviation bound.  According to Boore 2001, this higher duration is consistent with 












Figure 6.17. Comparison of Proposed Model Predictions of SD595 with Observed 
         Data from North Palm Springs and Landers Earthquakes for Site  






















































Figure 6.18. Comparisons of Proposed Model Predictions of SD595 with        
         Observed Data from San Fernando, Whittier Narrows and Hector  
         Mine Earthquakes for Site Classes C  































































Figure 6.19. Comparison of Proposed Model Predictions of SD595 with Observed 
         Data from Northridge Earthquake for Mean and Mean plus/minus 1  
         Standard Deviation 
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Figure 6.20. Comparison of Proposed Model Predictions of SD595 with Observed 
         Data from Loma Prieta for Mean and Mean plus/minus 1  
         Standard Deviation 
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Figure 6.21. Comparison of Proposed Model Predictions of SD595 with Observed 
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Figure 6.22. Comparison of Proposed Model Predictions of SD595 with Observed 
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6.8. Comparison with Existing Significant Duration Relationships 
Figures 6.23 and 6.24 compare the mean predicted value of both 
significant duration measures (SD595 and SD575) for three different magnitude 
earthquakes for Site Class B (weak rock) as computed from three empirical 
relationships: the one proposed in this study and those of Abrahamson and Silva 
(1996) and Kempton and Stewart (2006).  Abrahamson and Silva (1996) and 
Kempton and Stewart (2006) were selected for the comparison since both 
relationships used an additive site effects term (rock or soil for Abrahamson and 
Silva, Vs30 for Kempton and Stewart).  
 
Figure 6.23. Comparison of Proposed Significant Duration Relationship with two   
         existing Relationships for three different Magnitude Earthquakes at a   
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Figure 6.24. Comparison of Proposed Significant Duration Relationship with two   
         Existing Relationships for three different Magnitude Earthquakes at a 
         NEHRP Site Class B 
 
Abrahamson and Silva (1996) used 750 strong motion time histories and 
Kempton and Stewart (2006) used 1500 strong motions (as compared to the 2690 
strong ground motions employed in this study).  Despite the difference in the 
number of time histories upon which these relationships have been based, they 
predict similar values of significant duration for the intermediate magnitude range 
(M 6.50).  Not coincidentally, this magnitude range dominates all three sets of 
data.  For larger magnitudes, the proposed relationship developed herein predicts 
significant duration values 60% lower than these from the two earlier 
relationships at distance ranges between 0.0 and 100 km. Inspection of the dataset 
suggests that the larger significant durations calculated using the two earlier 
empirical equations at larger magnitudes is primarily attributable to the smaller 
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Conversely, for magnitudes M 5.5 events the proposed relationship yields values 
of significant duration values which are 20% larger than those predicted by the 
Kempton and Stewart (2006) and Abrahamson and Silva (1996) relationships. 
This suggests that significant duration is currently underestimated for the small 
magnitude events by the earlier relationships and use of these relationships may 
result in an underestimation of the potential damage in structures due to the more 
frequent, smaller magnitude earthquakes. 
Figures 6.25 and 6.26 compare the mean predicted value of significant 
duration measures (SD595 and SD575) for three different magnitude earthquakes 
on a Site Class E (soft soil) as computed from the three empirical relationships. 
Again, these relationships predict similar values of significant duration for the M 
6.50.  And again, similar to Site Class B, for larger magnitudes, the proposed 
relationship predicts significant duration values 60% lower than those from 
existing relationships at distance ranges between 0.0 and 100 km and 20 % larger 
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Figure 6.25. Comparison of Proposed Significant Duration Relationship with two   
         existing Relationships for three different Magnitude Earthquakes at a   
         NEHRP Site Class E 
 
 
Figure 6.26. Comparison of Proposed Significant Duration Relationship with two   
          existing Relationships for three different Magnitude Earthquakes at a 
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Figures 6.27 compares the mean predicted value of the 5-95 value of 
significant duration (SD595) for RRUP = 5 and 50 km on a Site Class B (weak 
rock) and Site Class E (soft soil) as computed from the three empirical 




Figure 6.27. Comparison of Magnitude Dependence of Proposed Significant   
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6.9. Sample Application of Duration of the Strong Ground Motion 
 
The duration of the strong ground by itself does not suggest any damage 
potential.  However, if duration is linked with a parameter describing the intensity 
of the ground motion such as peak velocity or acceleration then it can provide a 
robust predictor of damage for engineering purposes.  For instance, according to 
Fajfar et al. the duration of strong ground motion can be combined with peak 
ground velocity for analysis of the seismic damage potential of reinforced 
concrete buildings.  These investigators proposed the Equation 6.15 as a means of 
calculating damage index, I, of reinforced concrete structures subject to strong 
ground motions (1978).  
I = (PGV) (SD) 
0.25
                                                                                  (6.15)   
A random sample of five earthquake motions along with their peak 
velocities were taken from the NGA Flatfile Version 7.2 and their significant 
duration were computed using the model proposed in this study.  The reinforced 
concrete damage Index computed according to Equation 6.14, are tabulated in 
Table 6.6. It can be seen that the damage index of M 7. 6 events are almost five 
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Table 6.6. Damage Index Calculated for Several Earthquakes Using Eq. 6.14 
Earthquake 











Mtn,NV 1992 0629  
Station #2-NTS 
Control Pt. 1 5.62 8.23 3.87 6.6 
Whittier 
Narrows-01 1987 1001 1442 
Beverly Hills - 
12520 Mulhol 5.99 9.8 5.72 10.2 
San Fernando 1971 0209 1400 
Palmdale Fire 
Station 6.61 13.2 9.7 18.5 
Irpinia, Italy-01 1980 1123 1934 
Rionero In 
Vulture 6.9 15.1 10.5 21.0 
Chi-Chi, Taiwan 1999 0920  CHY042 7.62 21.3 13.71 30.0 
 
6.10. Summary 
An empirical model for the significant duration of strong ground motion 
was developed to capture the observed trends in the strong ground motion data 
reported in Chapter Five.  The model was assumed to consist of separate terms for 
the effects of magnitude, distance (path effects), and site effects based upon 
Trifunac 2002.  The functional forms for the model were chosen based upon its 
simplicity and the ability to reproduce the observed trends of magnitude, and 
distance, and site effects.  Based upon these observed trends, the natural logarithm 
of the significant duration was assumed to be linearly related to magnitude, 
rupture distance, and the average shear wave velocity in the top 30 m of the site. 
The non-linear mixed effect package model in the software “R” Pinheiro and 
Bates and R Core Development Team was used to performed random-effects 
regression in order to obtain the model coefficients and standard deviations (2000, 
2008, respectively).  The adequacy and the validity of the model were assessed by 
using the residual analysis and comparison of model predictions to values 
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calculated from strong motion records not employed in the regression analyses. 
The results of this study were compared to those of previous studies by 
Abrahamson and Silva 1996 and Kempton and Stewart 2006.  All three models 
agree well in the central magnitude range of 6.5.  However, the model proposed 
herein provides significantly lower durations at larger magnitudes and slightly 
higher durations at small magnitudes.  The discrepancies at large magnitudes are 
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CHAPTER 7 
CONCLUSION 
7.1. Summary and Findings 
This dissertation presented a qualitative and quantitative characterization 
study of duration.  In this study, the definition of significant duration proposed by 
Trifunac and Brady was used to represent the duration of strong ground shaking 
from acceleration time history at a site (1975).  The geometric mean of the 
significant duration of two orthogonal horizontal components of the acceleration 
time history at a site was used to quantify duration.  Two definitions of significant 
durations were employed in this research: SD595 and SD575.  SD595 represents 
the time interval between arrival of five percent and 95 percent of the earthquake 
energy at a site and SD575 is the time interval between arrival of five percent and 
75 % of the earthquake energy as determined from the normalized Arias intensity 
of acceleration.  
 SD595 and SD575 were evaluated using a database of 2690 pairs of 
strong motion records from 129 earthquakes.  These records were pulled from the 
database of strong motion records compiled from the Pacific Earthquake 
Engineering Research Center (PEER) for the Next Generation Attenuation (NGA) 
project.  These records are considered to be representative of shallow crustal 
earthquakes in the western United States with moment magnitude between 4.8 
and 7.9 and distance to the closest point of the rupture plane of up to 200 km; the 
general influence of various factors on duration were evaluated using these 2,690 
pairs of records. 
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Correlations between significant duration parameters and source 
parameters (magnitude, M, and depth-to-top of rupture (ZTOR) ), path parameters 
(closest site-source distance), site parameters (shear wave velocity of top 30 m of 
soil,Vs30, depth to shear wave velocity of 1000 m/s, Z1.0), were qualitatively 
investigated.  Significant duration was found to increase strongly with earthquake 
magnitude and distance and decrease with Vs30.  Based on these qualitative studies 
a prediction model for the significant duration of strong motion for geometric 
mean horizontal-component ground motions as a function of earthquake 
magnitude, distance from source to site, and local average shear-wave velocity 
was developed.  
Prediction models were developed for both SD595 and SD575 in the form 
of Equation 6.14.  The coefficients for the expected value of significant duration 
and standard deviation (error) terms for the two models represented in Table 6.4 
were derived through non-linear regression analysis using a fixed and random-
effects model and the 2,690 values of SD595 and SD575.  The SD595 and SD575 
models developed in this manner are considered to be representative of shallow 
crustal earthquakes of moment magnate from 4.8 to 7.9 and distance to the closest 
point on the rupture plane between 10 and 100 km.  The influences of mechanism 
of faulting, depth to the top of rupture, and depth to the shear wave velocity of 
1000 m/s were not found to be statistically significant for either significant 
duration investigated herein.  The standard deviation for the SD595 model was 
found to be slightly less than the standard deviation for the SD575 model, 
contrary to findings in a previous study. 
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  The results of this study were compared to those of previous studies on 
the SD595 significant duration.  All three models predict similar values of 
significant duration for the intermediate magnitude range (M 6.5, where the 
density of data is greatest).  For larger magnitudes (i.e. M > 7.5,  proposed 
relationship predicts significant duration values significantly lower than these 
from existing relationships at distance ranges between 0.0 and 100 km. 
Conversely, for smaller magnitudes (M, 5.5) the relationship developed herein 
yields values of significant duration slightly larger than existing relationships.  
The fit of the regression model to the recorded data set appears reasonable. 
Nevertheless, it is seen that the uncertainties reflected by the residual error can be 
significant, which is in line with the findings of other investigators.  Furthermore, 
near field fault rupture directivity effects and effects associated with bi-lateral 
fault rupture are not captured by the model. 
7.2. Recommendations for Future Research 
Fault rupture directivity effects are present in the NGA data set, but they 
are not well constrained by the empirical data.  The effects of fault rupture 
directivity on the duration of strong ground shaking require additional evaluations 
before they can be incorporated into any significant duration model.  It may be 
possible to supplement the empirical data with analytical studies to develop scale 
factors that can be applied to the significant durations from the models developed 
herein to account for directivity effects. 
The study of significant duration should also be extended to subduction 
and intra-plate zone earthquakes.  This is important because most of the current 
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geotechnical models for the performance of engineered structures are based upon 
strong ground motions characteristics of shallow crustal events.  Therefore, most 
of our engineering analyses for liquefaction, slope and retaining wall deformation, 
and foundation performance are biased towards, if not governed by, shallow 
crustal events.  It is of great importance to geotechnical earthquake engineering to 
determine how the long duration of subduction zone events and the higher 
frequency content of mid-continent intra-plate earthquakes impact such 
geotechnical performance analyses.  Similar analyses may be justified for 
structural design, particularly with respect to fatigue of structural members due to 
long duration or high frequency (multiple-cycle) loading.   
The first step in determining how a tectonic mechanism, other than 
shallow crustal events impact seismic performance analyses is to develop an 
accurate characterization of such events.  While this has been hampered up until 
now by the lack of good field data (i.e. good strong motion records from non-
shallow crustal events), recent events such as the March 2011 Tohoku (Japan), 
July 2010 Maule (Chile), the December 2000 Andaman Islands (Indonesia) events 
have provided valuable field data on large magnitude subduction zone 
earthquakes.  The March 2001 Gujurat (India) event also provided new data on 
the intra-plate earthquake.  The data from these events combined with 
seismological and geotechnical modeling can be used to develop a better 
understanding of the characteristics of strong ground motions in subduction zone 
and intra-plate events.   
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To improve the prediction accuracy of empirical significant duration 
model, there must be a greater emphasis on site specific data collection.  An 
increased database of site characteristics would reduce the scatter, and would 
ultimately lead to more reliable models for the significant duration predictions. 
The main issue with adopting Vs30 as a quantitative parameter of local site 
condition characteristics is a lack of measurements.  For the majority of recording 
stations in PEER NGA database, site specific measures of Vs30 are not available; 
therefore, Vs30 is estimated from surface geology or site conditions and then, the 
Z1.0 parameters are estimated from Vs30.  
Finally, a complete characterization of earthquake strong ground motions 
requires information on intensity and frequency content as well as duration.  The 
significant duration study described in this study described in this dissertation 
should be supplemented with studies to develop predictive models for Arias 
intensity and frequency content (e.g. power spectral density function) to provide a 
comprehensive characterization of strong ground motions suitable for use in 
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STRONG GROUND MOTION DATA  
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YR MODY HRMN Mw Station Name 
GMn 
D595 NEHRP 
1952 0721 1153 7.36 LA - Hollywood Stor FF 30.56 D 
1957 0322 1944 5.28 Golden Gate Park 3.95 B 
1966 0628 0426 6.19 Cholame - Shandon Array #12 27.55 C 
1966 0628 0426 6.19 Cholame - Shandon Array #5 7.09 D 
1966 0628 0426 6.19 Cholame - Shandon Array #8 11.78 D 
1966 0628 0426 6.19 Temblor pre-1969 5.01 C 
1968 0409 0230 6.63 San Onofre - So Cal Edison 28.30 D 
1970 0912 1430 5.33 Castaic - Old Ridge Route 10.28 C 
1970 0912 1430 5.33 Cedar Springs Pumphouse 2.82 C 
1970 0912 1430 5.33 Cedar Springs, Allen Ranch 10.81 B 
1970 0912 1430 5.33 Colton - So Cal Edison 10.75 D 
1970 0912 1430 5.33 Devil's Canyon 2.45 C 
1970 0912 1430 5.33 LA - Hollywood Stor FF 12.61 D 
1970 0912 1430 5.33 Lake Hughes #1 6.58 C 
1970 0912 1430 5.33 Puddingstone Dam (Abutment) 9.75 C 
1970 0912 1430 5.33 Santa Anita Dam 4.73 C 
1970 0912 1430 5.33 Wrightwood - 6074 Park Dr 3.02 C 
1971 0209 1400 6.61 2516 Via Tejon PV 49.08 D 
1971 0209 1400 6.61 Anza Post Office 14.23 D 
1971 0209 1400 6.61 Buena Vista - Taft 21.10 C 
1971 0209 1400 6.61 Carbon Canyon Dam 17.69 D 
1971 0209 1400 6.61 Castaic - Old Ridge Route 14.89 C 
1971 0209 1400 6.61 Cedar Springs Pumphouse 9.47 C 
1971 0209 1400 6.61 Cedar Springs, Allen Ranch 10.23 B 
1971 0209 1400 6.61 Colton - So Cal Edison 7.14 D 
1971 0209 1400 6.61 Fairmont Dam 13.14 C 
1971 0209 1400 6.61 Fort Tejon 8.27 C 
1971 0209 1400 6.61 Gormon - Oso Pump Plant 7.18 D 
1971 0209 1400 6.61 Hemet Fire Station 17.55 D 
1971 0209 1400 6.61 Isabella Dam (Aux Abut) 26.08 C 
1971 0209 1400 6.61 LA - Hollywood Stor FF 10.69 D 
1971 0209 1400 6.61 Lake Hughes #1 15.58 C 
1971 0209 1400 6.61 Lake Hughes #12 11.28 C 
1971 0209 1400 6.61 Lake Hughes #4 12.58 B 
1971 0209 1400 6.61 Lake Hughes #9 10.58 C 
1971 0209 1400 6.61 Maricopa Array #1 27.71 D 
1971 0209 1400 6.61 Maricopa Array #2 22.46 C 
1971 0209 1400 6.61 Maricopa Array #3 21.67 C 
1971 0209 1400 6.61 Pacoima Dam (upper left abut) 7.09 A 
1971 0209 1400 6.61 Palmdale Fire Station 17.31 C 
1971 0209 1400 6.61 Pearblossom Pump 13.62 C 
1971 0209 1400 6.61 Port Hueneme 48.25 D 
1971 0209 1400 6.61 Puddingstone Dam (Abutment) 13.70 C 
1971 0209 1400 6.61 San Juan Capistrano 21.29 D 
1971 0209 1400 6.61 San Onofre - So Cal Edison 20.40 C 
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1971 0209 1400 6.61 Santa Anita Dam 11.10 C 
1971 0209 1400 6.61 Santa Felita Dam (Outlet) 19.50 C 
1971 0209 1400 6.61 Tehachapi Pump 9.08 C 
1971 0209 1400 6.61 Upland - San Antonio Dam 13.60 C 
1971 0209 1400 6.61 Wheeler Ridge - Ground 16.82 D 
1971 0209 1400 6.61 Whittier Narrows Dam 19.12 D 
1971 0209 1400 6.61 Wrightwood - 6074 Park Dr 11.29 C 
1972 1223 0629 6.24 Managua, ESSO 8.83 D 
1972 1223 0719 5.20 Managua, ESSO 6.83 D 
1973 0221 1445 5.65 Port Hueneme 12.08 D 
1974 1128 2301 5.14 Gilroy Array #1 2.52 B 
1974 1128 2301 5.14 San Juan Bautista, 24 Polk St 8.67 C 
1975 0607 0846 5.20 Cape Mendocino 3.80 C 
1975 0607 0846 5.20 Ferndale City Hall 14.68 D 
1975 0607 0846 5.20 Petrolia, General Store 4.47 D 
1975 0607 0846 5.20 Shelter Cove, Sta A 5.44 C 
1975 0607 0846 5.20 Shelter Cove, Sta B 4.46 C 
1975 0801 2020 5.89 Oroville Seismograph Station 3.27 C 
1975 0802 2022 4.79 Oroville Airport 4.97 C 
1975 0802 2022 4.79 Up & Down Cafe (OR1) 6.94 C 
1976 0506 2000 6.50 Barcis 9.87 D 
1976 0506 2000 6.50 Codroipo 17.87 D 
1976 0506 2000 6.50 Conegliano 17.33 C 
1976 0506 2000 6.50 Tolmezzo 4.51 C 
1976 0517   6.80 Karakyr 6.56 C 
1976 0911 1631 5.50 Buia 26.63 C 
1976 0911 1631 5.50 Forgaria Cornino 9.41 C 
1976 0911 1631 5.50 San Rocco 8.14 C 
1976 0915 0315 5.91 Buia 9.02 D 
1976 0915 0315 5.91 Codroipo 21.61 D 
1976 0915 0315 5.91 Forgaria Cornino 4.44 C 
1976 0915 0315 5.91 San Rocco 4.95 C 
1978 0813   5.92 Cachuma Dam Toe 5.84 C 
1978 0916   7.35 Boshrooyeh 19.29 D 
1978 0916   7.35 Dayhook 12.27 C 
1978 0916   7.35 Ferdows 22.88 D 
1978 0916   7.35 Tabas 16.24 B 
1979 0718 1312 5.34 Dursunbey 2.10 C 
1979 0806 1705 5.74 Coyote Lake Dam (SW Abut) 6.72 C 
1979 0806 1705 5.74 Gilroy Array #1 6.44 B 
1979 0806 1705 5.74 Gilroy Array #2 5.58 D 
1979 0806 1705 5.74 Gilroy Array #3 8.71 D 
1979 0806 1705 5.74 Gilroy Array #4 9.77 D 
1979 0806 1705 5.74 Gilroy Array #6 3.33 C 
1979 0806 1705 5.74 Halls Valley 19.40 D 
1979 0806 1705 5.74 SJB Overpass, Bent 3 g.l. 7.34 C 
1979 0806 1705 5.74 SJB Overpass, Bent 5 g.l. 7.41 C 
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1979 0806 1705 5.74 San Juan Bautista, 24 Polk St 12.86 C 
1979 0919 2136 5.90 Bevagna 14.70 B 
1979 0919 2136 5.90 Spoleto 10.23 D 
1979 1015 2316 6.53 Aeropuerto Mexicali 6.98 D 
1979 1015 2316 6.53 Agrarias 12.83 D 
1979 1015 2316 6.53 Bonds Corner 9.64 D 
1979 1015 2316 6.53 Brawley Airport 14.53 D 
1979 1015 2316 6.53 Calexico Fire Station 12.76 D 
1979 1015 2316 6.53 Calipatria Fire Station 24.26 D 
1979 1015 2316 6.53 Cerro Prieto 32.89 C 
1979 1015 2316 6.53 Chihuahua 21.10 D 
1979 1015 2316 6.53 Coachella Canal #4 10.59 D 
1979 1015 2316 6.53 Compuertas 22.27 D 
1979 1015 2316 6.53 Delta 50.76 D 
1979 1015 2316 6.53 EC County Center FF 11.77 D 
1979 1015 2316 6.53 EC Meloland Overpass FF 7.53 D 
1979 1015 2316 6.53 El Centro Array #1 17.20 D 
1979 1015 2316 6.53 El Centro Array #10 12.47 D 
1979 1015 2316 6.53 El Centro Array #11 8.38 D 
1979 1015 2316 6.53 El Centro Array #12 19.33 D 
1979 1015 2316 6.53 El Centro Array #13 21.35 D 
1979 1015 2316 6.53 El Centro Array #3 13.04 E 
1979 1015 2316 6.53 El Centro Array #4 8.37 D 
1979 1015 2316 6.53 El Centro Array #5 8.89 D 
1979 1015 2316 6.53 El Centro Array #6 9.94 D 
1979 1015 2316 6.53 El Centro Array #7 5.80 D 
1979 1015 2316 6.53 El Centro Array #8 6.36 D 
1979 1015 2316 6.53 El Centro Differential Array 6.84 D 
1979 1015 2316 6.53 Holtville Post Office 12.53 D 
1979 1015 2316 6.53 Niland Fire Station 23.95 D 
1979 1015 2316 6.53 Parachute Test Site 17.47 D 
1979 1015 2316 6.53 Plaster City 10.84 D 
1979 1015 2316 6.53 SAHOP Casa Flores 8.71 D 
1979 1015 2316 6.53 Superstition Mtn Camera 8.87 D 
1979 1015 2316 6.53 Victoria 18.30 D 
1979 1015 2316 6.53 Westmorland Fire Sta 25.00 D 
1979 1015 2319 5.01 Bonds Corner 10.97 D 
1979 1015 2319 5.01 Brawley Airport 4.35 D 
1979 1015 2319 5.01 Calexico Fire Station 10.22 D 
1979 1015 2319 5.01 Delta 11.89 D 
1979 1015 2319 5.01 El Centro Array #1 4.99 D 
1979 1015 2319 5.01 El Centro Array #10 5.93 D 
1979 1015 2319 5.01 El Centro Array #11 3.51 D 
1979 1015 2319 5.01 El Centro Array #2 3.97 D 
1979 1015 2319 5.01 El Centro Array #3 5.04 D 
1979 1015 2319 5.01 El Centro Array #4 7.04 D 
1979 1015 2319 5.01 El Centro Array #5 6.81 D 
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1979 1015 2319 5.01 El Centro Array #6 3.66 D 
1979 1015 2319 5.01 El Centro Array #7 5.74 D 
1979 1015 2319 5.01 El Centro Array #8 4.02 D 
1979 1015 2319 5.01 El Centro Differential Array 7.26 D 
1979 1015 2319 5.01 Holtville Post Office 6.23 D 
1979 1016 0658 5.62 Westmorland Fire Sta 12.32 D 
1980 0124 1900 5.80 APEEL 3E Hayward CSUH 8.68 D 
1980 0124 1900 5.80 Del Valle Dam (Toe) 9.48 D 
1980 0124 1900 5.80 Fremont - Mission San Jose 10.16 C 
1980 0124 1900 5.80 San Ramon - Eastman Kodak 12.17 D 
1980 0124 1900 5.80 San Ramon Fire Station 26.30 D 
1980 0124 1900 5.80 Tracy - Sewage Treatm Plant 19.98 D 
1980 0127 0233 5.42 APEEL 3E Hayward CSUH 7.58 C 
1980 0127 0233 5.42 Del Valle Dam (Toe) 9.27 D 
1980 0127 0233 5.42 Fremont - Mission San Jose 7.89 C 
1980 0127 0233 5.42 Livermore - Fagundas Ranch 3.16 D 
1980 0127 0233 5.42 Livermore - Morgan Terr Park 3.29 C 
1980 0127 0233 5.42 San Ramon - Eastman Kodak 8.45 D 
1980 0127 0233 5.42 San Ramon Fire Station 17.89 D 
1980 0225 1047 5.19 Anza - Pinyon Flat 2.04 C 
1980 0225 1047 5.19 Anza - Terwilliger Valley 1.91 C 
1980 0225 1047 5.19 Anza Fire Station 3.96 D 
1980 0225 1047 5.19 Borrego Air Ranch 3.51 C 
1980 0225 1047 5.19 Rancho De Anza 5.42 D 
1980 0525 1634 6.06 Convict Creek 9.34 D 
1980 0525 1634 6.06 Long Valley Dam (Upr L Abut) 10.97 D 
1980 0525 1634 6.06 Mammoth Lakes H. S. 7.98 C 
1980 0525 1649 5.69 Convict Creek 7.61 D 
1980 0525 1649 5.69 Long Valley Dam (Upr L Abut) 9.34 D 
1980 0525 1649 5.69 Mammoth Lakes H. S. 3.67 C 
1980 0525 1944 5.91 Convict Creek 5.77 D 
1980 0525 1944 5.91 Long Valley Dam (Downst) 9.59 D 
1980 0525 1944 5.91 Long Valley Dam (L Abut) 10.88 D 
1980 0525 1944 5.91 Long Valley Dam (Upr L Abut) 8.20 D 
1980 0525 2035 5.70 Long Valley Dam (Downst) 7.41 D 
1980 0525 2035 5.70 Long Valley Dam (L Abut) 7.35 D 
1980 0525 2035 5.70 Long Valley Dam (Upr L Abut) 6.47 D 
1980 0526 1858 5.70 Convict Creek 6.39 D 
1980 0526 1858 5.70 Long Valley Dam (Upr L Abut) 6.88 D 
1980 0527 1451 5.94 Benton 10.50 D 
1980 0527 1451 5.94 Bishop - Paradise Lodge 7.53 D 
1980 0527 1451 5.94 Convict Creek 5.72 D 
1980 0527 1451 5.94 Fish & Game (FIS) 4.38 D 
1980 0527 1451 5.94 Long Valley Dam (Upr L Abut) 6.75 D 
1980 0531 1516 4.80 Cashbaugh (CBR) 9.68 D 
1980 0531 1516 4.80 Convict Lakes (CON) 4.35 C 
1980 0531 1516 4.80 Fish & Game (FIS) 3.01 D 
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1980 0531 1516 4.80 Long Valley Fire Sta 9.57 D 
1980 0531 1516 4.80 Mammoth Elem School 5.79 D 
1980 0531 1516 4.80 USC Convict Lakes 2.85 C 
1980 0531 1516 4.80 USC McGee Creek Inn 1.86 D 
1980 0609 0328 6.33 Cerro Prieto 7.98 C 
1980 0609 0328 6.33 Chihuahua 16.98 D 
1980 0609 0328 6.33 SAHOP Casa Flores 10.76 D 
1980 0609 0328 6.33 Victoria Hospital Sotano 13.66 D 
1980 0611 0441 4.85 Convict Lakes (CON) 2.82 C 
1980 0611 0441 4.85 Fish & Game (FIS) 3.70 D 
1980 0611 0441 4.85 Green Church 5.55 D 
1980 0611 0441 4.85 Hot Creek (HCF) 4.04 D 
1980 0611 0441 4.85 Long Valley Fire Sta 15.71 D 
1980 0611 0441 4.85 Mammoth Elem School 12.22 D 
1980 0611 0441 4.85 McGee Creek (MGE) 5.03 D 
1980 0611 0441 4.85 USC Convict Lakes 5.19 C 
1980 0611 0441 4.85 USC McGee Creek 3.54 C 
1980 1123 1934 6.90 Arienzo 16.86 B 
1980 1123 1934 6.90 Auletta 19.02 B 
1980 1123 1934 6.90 Bagnoli Irpinio 17.65 B 
1980 1123 1934 6.90 Bisaccia 25.05 B 
1980 1123 1934 6.90 Bovino 26.64 D 
1980 1123 1934 6.90 Brienza 11.57 C 
1980 1123 1934 6.90 Calitri 23.71 C 
1980 1123 1934 6.90 Mercato San Severino 25.83 D 
1980 1123 1934 6.90 Rionero In Vulture 24.70 C 
1980 1123 1934 6.90 Sturno 15.08 B 
1980 1123 1934 6.90 Torre Del Greco 31.43 C 
1980 1123 1934 6.90 Tricarico 21.76 C 
1980 1123 1935 6.20 Auletta 18.27 B 
1980 1123 1935 6.20 Bagnoli Irpinio 18.16 B 
1980 1123 1935 6.20 Bisaccia 21.03 B 
1980 1123 1935 6.20 Bovino 15.20 D 
1980 1123 1935 6.20 Brienza 21.01 C 
1980 1123 1935 6.20 Calitri 19.45 C 
1980 1123 1935 6.20 Mercato San Severino 18.19 D 
1980 1123 1935 6.20 Rionero In Vulture 21.70 C 
1980 1123 1935 6.20 Sturno 13.91 B 
1980 1123 1935 6.20 Tricarico 18.16 C 
1981 0129 0451 5.90 SMART1 C00 8.53 D 
1981 0129 0451 5.90 SMART1 I06 10.65 D 
1981 0129 0451 5.90 SMART1 I12 9.82 D 
1981 0129 0451 5.90 SMART1 M01 8.47 D 
1981 0129 0451 5.90 SMART1 M07 14.06 D 
1981 0129 0451 5.90 SMART1 O01 10.05 D 
1981 0129 0451 5.90 SMART1 O07 11.45 D 
1981 0224 0000 6.60 Corinth 14.61 D 
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1981 0426 1209 5.90 Brawley Airport 8.24 D 
1981 0426 1209 5.90 Niland Fire Station 11.88 D 
1981 0426 1209 5.90 Parachute Test Site 16.68 D 
1981 0426 1209 5.90 Salton Sea Wildlife Refuge 8.68 D 
1981 0426 1209 5.90 Superstition Mtn Camera 9.42 C 
1981 0426 1209 5.90 Westmorland Fire Sta 6.20 D 
1983 0107 0138 5.34 Convict Creek 7.69 D 
1983 0107 0324 5.31 Convict Creek 8.29 D 
1983 0502 2342 6.36 Cantua Creek School 11.91 D 
1983 0502 2342 6.36 Parkfield - Cholame 12W 20.72 C 
1983 0502 2342 6.36 Parkfield - Cholame 1E 22.34 D 
1983 0502 2342 6.36 Parkfield - Cholame 2E 17.00 C 
1983 0502 2342 6.36 Parkfield - Cholame 2WA 14.51 D 
1983 0502 2342 6.36 Parkfield - Cholame 3E 17.40 C 
1983 0502 2342 6.36 Parkfield - Cholame 3W 16.73 D 
1983 0502 2342 6.36 Parkfield - Cholame 4AW 12.96 D 
1983 0502 2342 6.36 Parkfield - Cholame 4W 11.86 C 
1983 0502 2342 6.36 Parkfield - Cholame 5W 13.46 D 
1983 0502 2342 6.36 Parkfield - Cholame 6W 12.34 D 
1983 0502 2342 6.36 Parkfield - Cholame 8W 13.61 D 
1983 0502 2342 6.36 Parkfield - Fault Zone 1 19.63 D 
1983 0502 2342 6.36 Parkfield - Fault Zone 10 17.11 C 
1983 0502 2342 6.36 Parkfield - Fault Zone 11 11.78 C 
1983 0502 2342 6.36 Parkfield - Fault Zone 12 16.94 D 
1983 0502 2342 6.36 Parkfield - Fault Zone 14 10.70 D 
1983 0502 2342 6.36 Parkfield - Fault Zone 15 16.32 C 
1983 0502 2342 6.36 Parkfield - Fault Zone 16 11.46 D 
1983 0502 2342 6.36 Parkfield - Fault Zone 2 18.92 D 
1983 0502 2342 6.36 Parkfield - Fault Zone 3 16.32 C 
1983 0502 2342 6.36 Parkfield - Fault Zone 4 18.71 D 
1983 0502 2342 6.36 Parkfield - Fault Zone 6 22.09 C 
1983 0502 2342 6.36 Parkfield - Fault Zone 7 16.45 C 
1983 0502 2342 6.36 Parkfield - Fault Zone 8 10.42 C 
1983 0502 2342 6.36 Parkfield - Fault Zone 9 17.29 C 
1983 0502 2342 6.36 Parkfield - Gold Hill 1W 18.57 D 
1983 0502 2342 6.36 Parkfield - Gold Hill 2E 10.26 D 
1983 0502 2342 6.36 Parkfield - Gold Hill 2W 20.21 C 
1983 0502 2342 6.36 Parkfield - Gold Hill 3E 14.19 D 
1983 0502 2342 6.36 Parkfield - Gold Hill 3W 11.48 C 
1983 0502 2342 6.36 Parkfield - Gold Hill 4W 18.99 C 
1983 0502 2342 6.36 Parkfield - Gold Hill 5W 21.63 C 
1983 0502 2342 6.36 Parkfield - Gold Hill 6W 21.09 C 
1983 0502 2342 6.36 Parkfield - Stone Corral 2E 15.64 C 
1983 0502 2342 6.36 Parkfield - Stone Corral 3E 10.20 C 
1983 0502 2342 6.36 Parkfield - Stone Corral 4E 12.65 C 
1983 0502 2342 6.36 Parkfield - Vineyard Cany 1E 10.44 D 
1983 0502 2342 6.36 Parkfield - Vineyard Cany 1W 13.66 C 
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1983 0502 2342 6.36 Parkfield - Vineyard Cany 2W 12.80 D 
1983 0502 2342 6.36 Parkfield - Vineyard Cany 3W 15.10 D 
1983 0502 2342 6.36 Parkfield - Vineyard Cany 4W 12.58 C 
1983 0502 2342 6.36 Parkfield - Vineyard Cany 6W 19.34 C 
1983 0502 2342 6.36 Slack Canyon 10.23 C 
1983 0509 0249 5.09 ALP (temp) 13.06 C 
1983 0509 0249 5.09 Anticline Ridge - Palmer Ave 1.08 C 
1983 0509 0249 5.09 Anticline Ridge Free-Field 1.12 C 
1983 0509 0249 5.09 Anticline Ridge Pad 1.24 C 
1983 0509 0249 5.09 Burnett Construction 4.94 D 
1983 0509 0249 5.09 Coalinga-14th & Elm (Old CHP) 4.83 D 
1983 0509 0249 5.09 Harris Ranch - Hdqtrs (temp) 7.71 D 
1983 0509 0249 5.09 LLN (temp) 3.95 C 
1983 0509 0249 5.09 Oil City 2.24 C 
1983 0509 0249 5.09 Oil Fields - Skunk Hollow 1.28 C 
1983 0509 0249 5.09 Oil Fields Fire Station 2.71 C 
1983 0509 0249 5.09 Palmer Ave 1.58 C 
1983 0509 0249 5.09 Pleasant Valley P.P. - yard 2.97 C 
1983 0509 0249 5.09 SGT (temp) 3.29 C 
1983 0509 0249 5.09 SUB (temp) 3.43 D 
1983 0509 0249 5.09 Skunk Hollow 2.34 C 
1983 0509 0249 5.09 Sulphur Baths (temp) 22.65 C 
1983 0509 0249 5.09 TRA (temp) 7.19 D 
1983 0509 0249 5.09 VEW (temp) 1.50 C 
1983 0509 0249 5.09 YUB (temp) 8.21 D 
1983 0611 0309 5.38 Burnett Construction 13.73 D 
1983 0611 0309 5.38 Coalinga-14th & Elm (Old CHP) 15.25 D 
1983 0611 0309 5.38 Sulphur Baths (temp) 11.94 C 
1983 0709 0740 5.18 Anticline Ridge Free-Field 4.27 C 
1983 0709 0740 5.18 Anticline Ridge Pad 4.37 C 
1983 0709 0740 5.18 Burnett Construction 8.55 D 
1983 0709 0740 5.18 Coalinga-14th & Elm (Old CHP) 6.87 D 
1983 0709 0740 5.18 Oil City 2.80 C 
1983 0709 0740 5.18 Oil Fields Fire Station - FF 7.41 C 
1983 0709 0740 5.18 Oil Fields Fire Station - Pad 7.02 C 
1983 0709 0740 5.18 Palmer Ave 4.63 C 
1983 0709 0740 5.18 Skunk Hollow 5.09 C 
1983 0709 0740 5.18 Sulphur Baths (temp) 8.00 C 
1983 0709 0740 5.18 Transmitter Hill 5.55 C 
1983 0722 0239 5.77 Burnett Construction 7.75 D 
1983 0722 0239 5.77 Coalinga-14th & Elm (Old CHP) 7.50 D 
1983 0722 0239 5.77 Oil Fields Fire Station - FF 8.29 C 
1983 0722 0239 5.77 Oil Fields Fire Station - Pad 8.39 C 
1983 0722 0239 5.77 Palmer Ave 6.48 C 
1983 0722 0239 5.77 Pleasant Valley P.P. - FF 5.87 C 
1983 0722 0239 5.77 Pleasant Valley P.P. - yard 5.24 C 
1983 0722 0239 5.77 Skunk Hollow 6.23 C 
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1983 0722 0239 5.77 Sulphur Baths (temp) 9.94 C 
1983 0722 0343 4.89 Coalinga-14th & Elm (Old CHP) 5.32 D 
1983 0722 0343 4.89 Sulphur Baths (temp) 13.26 C 
1983 0725 2231 5.21 Coalinga-14th & Elm (Old CHP) 1.51 D 
1983 0725 2231 5.21 Sulphur Baths (temp) 4.20 C 
1983 0806 1543 6.70 Ierissos 9.31 D 
1983 0824 1336 5.70 Rio Dell Overpass, E Ground 7.83 D 
1983 0824 1336 5.70 Rio Dell Overpass, W Ground 7.93 D 
1983 0909 0916 5.23 Coalinga-14th & Elm (Old CHP) 11.74 D 
1983 0909 0916 5.23 Sulphur Baths (temp) 14.09 C 
1983 0921 1920 6.50 SMART1 E01 7.60 D 
1983 0921 1920 6.50 SMART1 I01 5.84 D 
1983 0921 1920 6.50 SMART1 M01 3.84 C 
1983 0921 1920 6.50 SMART1 M06 6.60 D 
1983 0921 1920 6.50 SMART1 O01 4.62 D 
1983 0921 1920 6.50 SMART1 O07 4.64 D 
1983 1028 1406 6.88 ANL-767 Reactor Plant (Bsmt) 5.68 D 
1983 1028 1406 6.88 ANL-768 Power Plant (Bsmt) 5.30 D 
1983 1028 1406 6.88 CPP-601 4.84 D 
1983 1028 1406 6.88 CPP-610 15.30 C 
1983 1028 1406 6.88 TAN-719 18.54 C 
1983 1029 2329 5.10 BOR 5.07 C 
1983 1029 2329 5.10 CEM 9.06 D 
1983 1029 2329 5.10 HAU 11.67 C 
1984 0424 2115 6.19 APEEL 1E - Hayward 17.32 C 
1984 0424 2115 6.19 Agnews State Hospital 38.14 D 
1984 0424 2115 6.19 Anderson Dam (Downstream) 6.05 D 
1984 0424 2115 6.19 Capitola 15.33 D 
1984 0424 2115 6.19 Corralitos 10.25 C 
1984 0424 2115 6.19 Coyote Lake Dam (SW Abut) 3.70 C 
1984 0424 2115 6.19 Foster City - APEEL 1 20.21 E 
1984 0424 2115 6.19 Fremont - Mission San Jose 26.97 C 
1984 0424 2115 6.19 Gilroy - Gavilan Coll. 8.46 C 
1984 0424 2115 6.19 Gilroy Array #1 9.33 B 
1984 0424 2115 6.19 Gilroy Array #2 14.01 D 
1984 0424 2115 6.19 Gilroy Array #3 18.09 D 
1984 0424 2115 6.19 Gilroy Array #4 12.97 D 
1984 0424 2115 6.19 Gilroy Array #6 6.96 C 
1984 0424 2115 6.19 Gilroy Array #7 10.12 D 
1984 0424 2115 6.19 Halls Valley 12.85 D 
1984 0424 2115 6.19 Hollister Diff Array #1 17.20 D 
1984 0424 2115 6.19 Hollister Diff Array #3 23.00 D 
1984 0424 2115 6.19 Hollister Diff Array #4 22.61 D 
1984 0424 2115 6.19 Hollister Diff Array #5 23.20 D 
1984 0424 2115 6.19 Hollister Diff. Array 19.21 D 
1984 0424 2115 6.19 Los Banos 16.93 D 
1984 0424 2115 6.19 SF Intern. Airport 14.42 D 
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1984 0424 2115 6.19 San Juan Bautista, 24 Polk St 19.14 C 
1984 0424 2115 6.19 San Justo Dam (L Abut) 18.66 C 
1984 0424 2115 6.19 San Justo Dam (R Abut) 21.45 C 
1984 0424 2115 6.19 UCSC Lick Observatory 7.79 C 
1984 0507 1750 5.80 Atina 6.01 C 
1984 0507 1750 5.80 Garigliano-Centrale Nucleare 9.95 D 
1984 0507 1750 5.80 Isernia-Sant'Agapito 8.88 D 
1984 0507 1750 5.80 Pontecorvo 10.11 D 
1984 0507 1750 5.80 Roccamonfina 11.88 D 
1984 1123 1808 5.82 McGee Creek - Surface 3.03 D 
1985 0612 1722 5.80 SMART1 C00 11.52 D 
1985 0612 1722 5.80 SMART1 I01 9.97 D 
1985 0612 1722 5.80 SMART1 I07 11.84 D 
1985 0612 1722 5.80 SMART1 M01 7.87 D 
1985 0612 1722 5.80 SMART1 M07 10.38 D 
1985 0612 1722 5.80 SMART1 O01 14.14 D 
1985 0612 1722 5.80 SMART1 O07 7.72 D 
1985 1109 2330 5.20 Kavala 8.62 C 
1985 1223   6.76 Site 1 8.08 C 
1985 1223   6.76 Site 2 9.67 C 
1985 1223   6.76 Site 3 11.35 C 
1986 0126 1920 5.45 Hollister Diff Array #1 18.72 D 
1986 0126 1920 5.45 Hollister Diff Array #3 19.69 D 
1986 0126 1920 5.45 SAGO South - Surface 10.35 C 
1986 0331 1155 5.60 Halls Valley 7.00 D 
1986 0520 0525 6.32 SMART1 C00 6.82 D 
1986 0520 0525 6.32 SMART1 E01 4.19 D 
1986 0520 0525 6.32 SMART1 I01 5.58 D 
1986 0520 0525 6.32 SMART1 I07 6.61 D 
1986 0520 0525 6.32 SMART1 M01 3.82 D 
1986 0520 0525 6.32 SMART1 M07 4.16 D 
1986 0520 0525 6.32 SMART1 O01 5.82 D 
1986 0520 0525 6.32 SMART1 O07 3.16 D 
1986 0708 0920 6.06 Anza - Red Mountain 6.49 C 
1986 0708 0920 6.06 Anza - Tule Canyon 7.40 C 
1986 0708 0920 6.06 Anza Fire Station 6.37 D 
1986 0708 0920 6.06 Cabazon 7.55 D 
1986 0708 0920 6.06 Colton Interchange - Vault 9.82 D 
1986 0708 0920 6.06 Cranston Forest Station 6.87 C 
1986 0708 0920 6.06 Desert Hot Springs 7.04 D 
1986 0708 0920 6.06 Fun Valley 10.19 D 
1986 0708 0920 6.06 Hemet Fire Station 11.27 D 
1986 0708 0920 6.06 Hesperia 18.69 D 
1986 0708 0920 6.06 Hurkey Creek Park 5.26 D 
1986 0708 0920 6.06 Indio 15.87 D 
1986 0708 0920 6.06 Indio - Coachella Canal 18.64 D 
1986 0708 0920 6.06 Joshua Tree 12.83 C 
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1986 0708 0920 6.06 Lake Mathews Dike Toe 9.33 C 
1986 0708 0920 6.06 Landers Fire Station 10.73 D 
1986 0708 0920 6.06 Morongo Valley 5.74 D 
1986 0708 0920 6.06 Murrieta Hot Springs 8.26 C 
1986 0708 0920 6.06 North Palm Springs 4.93 D 
1986 0708 0920 6.06 Palm Springs Airport 14.67 D 
1986 0708 0920 6.06 Puerta La Cruz 12.60 C 
1986 0708 0920 6.06 Rancho Cucamonga - FF 24.08 C 
1986 0708 0920 6.06 Riverside Airport 13.90 C 
1986 0708 0920 6.06 San Jacinto - Soboba 7.65 C 
1986 0708 0920 6.06 San Jacinto - Valley Cemetary 17.23 D 
1986 0708 0920 6.06 Santa Rosa Mountain 8.14 C 
1986 0708 0920 6.06 Silent Valley - Poppet Flat 6.98 C 
1986 0708 0920 6.06 Sunnymead 8.83 D 
1986 0708 0920 6.06 Temecula - 6th & Mercedes 12.09 C 
1986 0708 0920 6.06 Whitewater Trout Farm 4.38 D 
1986 0708 0920 6.06 Winchester Bergman Ran 9.12 C 
1986 0708 0920 6.06 Winchester Page Bros R 10.83 D 
1986 0720 1429 5.77 Benton 17.86 D 
1986 0720 1429 5.77 Bishop - LADWP South St 21.02 D 
1986 0720 1429 5.77 Bishop - Paradise Lodge 10.71 D 
1986 0720 1429 5.77 Lake Crowley - Shehorn Res. 16.81 D 
1986 0720 1429 5.77 Zack Brothers Ranch 10.04 D 
1986 0721 1442 6.19 Benton 14.89 D 
1986 0721 1442 6.19 Bishop - LADWP South St 14.56 D 
1986 0721 1442 6.19 Bishop - Paradise Lodge 9.83 D 
1986 0721 1442 6.19 Convict Creek 17.87 D 
1986 0721 1442 6.19 Lake Crowley - Shehorn Res. 9.95 D 
1986 0721 1442 6.19 Long Valley Dam (Downst) 11.90 D 
1986 0721 1442 6.19 Long Valley Dam (L Abut) 11.59 D 
1986 0721 1442 6.19 Mammoth Lakes Sheriff Subst. 10.43 D 
1986 0721 1442 6.19 McGee Creek - Surface 11.82 D 
1986 0721 1442 6.19 Tinemaha Res. Free Field 16.39 D 
1986 0721 1442 6.19 Zack Brothers Ranch 7.15 D 
1986 0721 1451 5.65 Bishop - LADWP South St 16.53 D 
1986 0721 1451 5.65 Bishop - Paradise Lodge 10.25 D 
1986 0721 1451 5.65 Zack Brothers Ranch 9.21 D 
1986 0731 0722 5.44 Bishop - LADWP South St 15.76 D 
1986 0731 0722 5.44 Zack Brothers Ranch 16.36 D 
1986 1010 1749 5.80 Geotech Investig Center 3.75 C 
1986 1010 1749 5.80 National Geografical Inst 5.66 D 
1987 0302 0142 6.60 Maraenui Primary School 12.50 C 
1987 0302 0142 6.60 Matahina Dam 6.32 C 
1987 1001 1442 5.99 Alhambra - Fremont School 5.58 C 
1987 1001 1442 5.99 Altadena - Eaton Canyon 6.13 C 
1987 1001 1442 5.99 Anaheim - W Ball Rd 13.77 D 
1987 1001 1442 5.99 Arcadia - Campus Dr 8.83 C 
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1987 1001 1442 5.99 Arleta - Nordhoff Fire Sta 13.61 D 
1987 1001 1442 5.99 Baldwin Park - N Holly 10.06 D 
1987 1001 1442 5.99 Bell Gardens - Jaboneria 9.26 D 
1987 1001 1442 5.99 Beverly Hills - 12520 Mulhol 10.71 C 
1987 1001 1442 5.99 Beverly Hills - 14145 Mulhol 12.03 D 
1987 1001 1442 5.99 Big Tujunga, Angeles Nat F 9.27 C 
1987 1001 1442 5.99 Brea Dam (Downstream) 8.07 C 
1987 1001 1442 5.99 Brea Dam (L Abut) 11.79 C 
1987 1001 1442 5.99 Burbank - N Buena Vista 9.58 D 
1987 1001 1442 5.99 Calabasas - N Las Virg 16.04 D 
1987 1001 1442 5.99 Canoga Park - Topanga Can 13.00 D 
1987 1001 1442 5.99 Canyon Country - W Lost Cany 8.79 D 
1987 1001 1442 5.99 Carbon Canyon Dam 8.57 D 
1987 1001 1442 5.99 Carson - Catskill Ave 21.75 C 
1987 1001 1442 5.99 Carson - Water St 14.69 E 
1987 1001 1442 5.99 Castaic - Hasley Canyon 16.04 C 
1987 1001 1442 5.99 Castaic - Old Ridge Route 12.46 C 
1987 1001 1442 5.99 Compton - Castlegate St 8.26 D 
1987 1001 1442 5.99 Covina - S Grand Ave 18.29 C 
1987 1001 1442 5.99 Covina - W Badillo 13.62 D 
1987 1001 1442 5.99 Downey - Birchdale 6.07 D 
1987 1001 1442 5.99 Downey - Co Maint Bldg 10.76 D 
1987 1001 1442 5.99 El Monte - Fairview Av 10.13 D 
1987 1001 1442 5.99 Featherly Park - Maint 8.17 D 
1987 1001 1442 5.99 Fountain Valley - Euclid 17.01 D 
1987 1001 1442 5.99 Garvey Res. - Control Bldg 4.37 C 
1987 1001 1442 5.99 Glendale - Las Palmas 6.94 C 
1987 1001 1442 5.99 Glendora - N Oakbank 12.71 C 
1987 1001 1442 5.99 Hacienda Heights - Colima 11.35 D 
1987 1001 1442 5.99 Hemet Fire Station 19.00 D 
1987 1001 1442 5.99 Huntington Beach - Lake St 22.17 C 
1987 1001 1442 5.99 Inglewood - Union Oil 9.40 D 
1987 1001 1442 5.99 LA - 116th St School 8.01 D 
1987 1001 1442 5.99 LA - Baldwin Hills 14.07 D 
1987 1001 1442 5.99 LA - Centinela St 14.06 D 
1987 1001 1442 5.99 LA - Century City CC North 16.47 D 
1987 1001 1442 5.99 LA - Century City CC South 18.73 D 
1987 1001 1442 5.99 LA - Chalon Rd 10.63 C 
1987 1001 1442 5.99 LA - Cypress Ave 8.98 C 
1987 1001 1442 5.99 LA - Fletcher Dr 7.14 C 
1987 1001 1442 5.99 LA - Hollywood Stor FF 12.68 D 
1987 1001 1442 5.99 LA - N Faring Rd 10.55 D 
1987 1001 1442 5.99 LA - N Figueroa St 7.06 C 
1987 1001 1442 5.99 LA - N Westmoreland 7.46 D 
1987 1001 1442 5.99 LA - Obregon Park 7.67 C 
1987 1001 1442 5.99 LA - S Grand Ave 9.97 D 
1987 1001 1442 5.99 LA - Saturn St 11.79 D 
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1987 1001 1442 5.99 LA - W 70th St 11.26 D 
1987 1001 1442 5.99 LA - Wonderland Ave 6.96 B 
1987 1001 1442 5.99 LB - Harbor Admin FF 24.40 D 
1987 1001 1442 5.99 LB - Orange Ave 9.99 D 
1987 1001 1442 5.99 LB - Rancho Los Cerritos 10.34 C 
1987 1001 1442 5.99 LB - Recreation Park 22.83 C 
1987 1001 1442 5.99 La Crescenta - New York 4.77 C 
1987 1001 1442 5.99 La Habra - Briarcliff 9.41 C 
1987 1001 1442 5.99 La Puente - Rimgrove Av 12.72 D 
1987 1001 1442 5.99 Lake Hughes #1 15.13 C 
1987 1001 1442 5.99 Lakewood - Del Amo Blvd 11.69 D 
1987 1001 1442 5.99 Lancaster - Med Off FF 11.12 D 
1987 1001 1442 5.99 Lawndale - Osage Ave 12.41 C 
1987 1001 1442 5.99 Leona Valley #5 - Ritter 13.93 C 
1987 1001 1442 5.99 Leona Valley #6 14.36 D 
1987 1001 1442 5.99 Malibu - Las Flores Canyon 7.33 C 
1987 1001 1442 5.99 Malibu - Point Dume Sch 13.77 D 
1987 1001 1442 5.99 Malibu - W Pacific Cst Hwy 16.63 C 
1987 1001 1442 5.99 Mill Creek, Angeles Nat For 11.10 C 
1987 1001 1442 5.99 Moorpark - Fire Sta 17.62 C 
1987 1001 1442 5.99 Mt Wilson - CIT Seis Sta 9.24 B 
1987 1001 1442 5.99 N Hollywood - Coldwater Can 10.71 C 
1987 1001 1442 5.99 Newhall - Fire Sta 15.92 D 
1987 1001 1442 5.99 Newhall - W Pico Canyon Rd. 11.73 D 
1987 1001 1442 5.99 Northridge - 17645 Saticoy St 18.08 D 
1987 1001 1442 5.99 Norwalk - Imp Hwy, S Grnd 10.85 D 
1987 1001 1442 5.99 Orange Co. Reservoir 8.93 C 
1987 1001 1442 5.99 Pacific Palisades - Sunset 12.27 C 
1987 1001 1442 5.99 Pacoima Kagel Canyon 10.70 C 
1987 1001 1442 5.99 Pacoima Kagel Canyon USC 8.67 D 
1987 1001 1442 5.99 Panorama City - Roscoe 12.03 D 
1987 1001 1442 5.99 Pasadena - Brown Gym 9.91 C 
1987 1001 1442 5.99 Pasadena - CIT Calif Blvd 6.65 C 
1987 1001 1442 5.99 Pasadena - CIT Indust. Rel 6.76 C 
1987 1001 1442 5.99 Pasadena - CIT Kresge Lab 6.19 B 
1987 1001 1442 5.99 Pasadena - CIT Lura St 6.25 C 
1987 1001 1442 5.99 Pasadena - Old House Rd 5.81 C 
1987 1001 1442 5.99 Playa Del Rey - Saran 21.91 C 
1987 1001 1442 5.99 Pomona - 4th & Locust FF 14.94 D 
1987 1001 1442 5.99 Rancho Cucamonga - FF 15.07 C 
1987 1001 1442 5.99 Rancho Palos Verdes - Luconia 16.29 C 
1987 1001 1442 5.99 Riverside Airport 13.69 C 
1987 1001 1442 5.99 Rosamond - Goode Ranch 8.60 D 
1987 1001 1442 5.99 San Gabriel - E Grand Ave 6.60 C 
1987 1001 1442 5.99 San Marino - SW Academy 9.26 C 
1987 1001 1442 5.99 Santa Fe Springs - E.Joslin 5.99 D 
1987 1001 1442 5.99 Santa Monica - Second St 13.44 C 
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1987 1001 1442 5.99 Studio City - Coldwater Can 9.41 D 
1987 1001 1442 5.99 Sun Valley - Roscoe Blvd 8.65 D 
1987 1001 1442 5.99 Sun Valley - Sunland 9.23 D 
1987 1001 1442 5.99 Sunland - Mt Gleason Ave 11.70 C 
1987 1001 1442 5.99 Sylmar - Olive View Med FF 14.37 C 
1987 1001 1442 5.99 Sylmar - Sayre St 14.35 D 
1987 1001 1442 5.99 Tarzana - Cedar Hill 5.77 D 
1987 1001 1442 5.99 Terminal Island - S Seaside 16.51 D 
1987 1001 1442 5.99 Torrance - W 226th St 26.15 C 
1987 1001 1442 5.99 Vasquez Rocks Park 8.84 B 
1987 1001 1442 5.99 Villa Park - Serrano Ave 10.68 D 
1987 1001 1442 5.99 West Covina - S Orange Ave 11.03 D 
1987 1001 1442 5.99 Whittier Narrows Dam upstream 8.29 D 
1987 1004 1059 5.27 Alhambra - Fremont School 3.10 C 
1987 1004 1059 5.27 Altadena - Eaton Canyon 2.64 C 
1987 1004 1059 5.27 Downey - Co Maint Bldg 12.35 D 
1987 1004 1059 5.27 Inglewood - Union Oil 10.79 D 
1987 1004 1059 5.27 LA - 116th St School 10.90 D 
1987 1004 1059 5.27 LA - Baldwin Hills 9.00 D 
1987 1004 1059 5.27 LA - Hollywood Stor FF 13.85 D 
1987 1004 1059 5.27 LA - Obregon Park 5.79 D 
1987 1004 1059 5.27 Mt Wilson - CIT Seis Sta 3.36 B 
1987 1004 1059 5.27 San Marino - SW Academy 3.27 C 
1987 1004 1059 5.27 Tarzana - Cedar Hill 11.89 D 
1987 1124 0514 6.22 Wildlife Liquef. Array 15.31 D 
1987 1124 1316 6.54 Brawley Airport 13.86 D 
1987 1124 1316 6.54 Calipatria Fire Station 14.59 D 
1987 1124 1316 6.54 El Centro Imp. Co. Cent 17.57 D 
1987 1124 1316 6.54 Kornbloom Road (temp) 13.36 D 
1987 1124 1316 6.54 Parachute Test Site 10.78 D 
1987 1124 1316 6.54 Plaster City 12.35 D 
1987 1124 1316 6.54 Poe Road (temp) 13.81 D 
1987 1124 1316 6.54 Salton Sea Wildlife Refuge 12.51 D 
1987 1124 1316 6.54 Superstition Mtn Camera 12.34 C 
1987 1124 1316 6.54 Westmorland Fire Sta 18.25 D 
1987 1124 1316 6.54 Wildlife Liquef. Array 31.33 D 
1988 1207   6.77 Gukasian 20.63 D 
1989 1018 0005 6.93 APEEL 10 - Skyline 15.79 C 
1989 1018 0005 6.93 APEEL 2 - Redwood City 10.04 E 
1989 1018 0005 6.93 APEEL 2E Hayward Muir Sch 12.94 D 
1989 1018 0005 6.93 APEEL 3E Hayward CSUH 17.99 C 
1989 1018 0005 6.93 APEEL 7 - Pulgas 15.43 C 
1989 1018 0005 6.93 APEEL 9 - Crystal Springs Res 18.34 C 
1989 1018 0005 6.93 Agnews State Hospital 19.95 D 
1989 1018 0005 6.93 Alameda Naval Air Stn Hanger 5.34 D 
1989 1018 0005 6.93 Anderson Dam (Downstream) 10.75 C 
1989 1018 0005 6.93 Anderson Dam (L Abut) 14.14 C 
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1989 1018 0005 6.93 BRAN 9.46 C 
1989 1018 0005 6.93 Bear Valley #1, Fire Station 16.20 D 
1989 1018 0005 6.93 Bear Valley #10, Webb Residence 18.83 D 
1989 1018 0005 6.93 Bear Valley #12, Williams Ranch 16.28 D 
1989 1018 0005 6.93 Bear Valley #14, Upper Butts Rn 17.63 C 
1989 1018 0005 6.93 Bear Valley #5, Callens Ranch 17.74 C 
1989 1018 0005 6.93 Bear Valley #7, Pinnacles 13.07 C 
1989 1018 0005 6.93 Berkeley - Strawberry Canyon 14.21 C 
1989 1018 0005 6.93 Berkeley LBL 11.68 C 
1989 1018 0005 6.93 Calaveras Reservoir 15.10 C 
1989 1018 0005 6.93 Capitola 12.59 D 
1989 1018 0005 6.93 Corralitos 7.43 C 
1989 1018 0005 6.93 Coyote Lake Dam (Downst) 12.40 D 
1989 1018 0005 6.93 Coyote Lake Dam (SW Abut) 13.92 C 
1989 1018 0005 6.93 Dublin - Fire Station 17.65 D 
1989 1018 0005 6.93 Dumbarton Bridge West End FF 22.30 D 
1989 1018 0005 6.93 Emeryville - 6363 Christie 11.66 D 
1989 1018 0005 6.93 Foster City - APEEL 1 18.47 E 
1989 1018 0005 6.93 Foster City - Menhaden Court 18.99 E 
1989 1018 0005 6.93 Fremont - Emerson Court 17.64 D 
1989 1018 0005 6.93 Fremont - Mission San Jose 17.50 C 
1989 1018 0005 6.93 Gilroy - Gavilan Coll. 4.97 C 
1989 1018 0005 6.93 Gilroy - Historic Bldg. 10.80 D 
1989 1018 0005 6.93 Gilroy Array #1 4.97 B 
1989 1018 0005 6.93 Gilroy Array #2 10.29 D 
1989 1018 0005 6.93 Gilroy Array #3 8.58 D 
1989 1018 0005 6.93 Gilroy Array #4 14.37 D 
1989 1018 0005 6.93 Gilroy Array #6 12.84 C 
1989 1018 0005 6.93 Gilroy Array #7 10.27 D 
1989 1018 0005 6.93 Golden Gate Bridge 6.70 C 
1989 1018 0005 6.93 Halls Valley 14.94 D 
1989 1018 0005 6.93 Hayward - BART Sta 12.04 C 
1989 1018 0005 6.93 Hollister - SAGO Vault 12.20 C 
1989 1018 0005 6.93 Hollister - South & Pine 21.78 C 
1989 1018 0005 6.93 Hollister Diff. Array 12.87 D 
1989 1018 0005 6.93 LGPC 8.99 C 
1989 1018 0005 6.93 Larkspur Ferry Terminal (FF) 10.55 E 
1989 1018 0005 6.93 Lower Crystal Springs Dam dwnst 13.06 C 
1989 1018 0005 6.93 Monterey City Hall 12.63 C 
1989 1018 0005 6.93 Oakland - Outer Harbor Wharf 7.87 C 
1989 1018 0005 6.93 Oakland - Title & Trust 12.10 D 
1989 1018 0005 6.93 Olema - Point Reyes Station 13.77 D 
1989 1018 0005 6.93 Palo Alto - 1900 Embarc. 21.21 D 
1989 1018 0005 6.93 Palo Alto - SLAC Lab 12.07 C 
1989 1018 0005 6.93 Piedmont Jr High 10.92 B 
1989 1018 0005 6.93 Point Bonita 9.25 B 
1989 1018 0005 6.93 Richmond City Hall 12.89 D 
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1989 1018 0005 6.93 SAGO South - Surface 16.31 C 
1989 1018 0005 6.93 SF - 1295 Shafter 10.22 D 
1989 1018 0005 6.93 SF - Diamond Heights 9.08 C 
1989 1018 0005 6.93 SF - Pacific Heights 10.30 B 
1989 1018 0005 6.93 SF - Presidio 9.52 D 
1989 1018 0005 6.93 SF - Rincon Hill 12.58 B 
1989 1018 0005 6.93 SF Intern. Airport 11.10 D 
1989 1018 0005 6.93 Salinas - John & Work 20.94 D 
1989 1018 0005 6.93 San Jose - Santa Teresa Hills 10.20 C 
1989 1018 0005 6.93 Saratoga - Aloha Ave 8.88 C 
1989 1018 0005 6.93 Saratoga - W Valley Coll. 10.96 C 
1989 1018 0005 6.93 So. San Francisco, Sierra Pt. 10.84 B 
1989 1018 0005 6.93 Sunnyvale - Colton Ave. 23.21 D 
1989 1018 0005 6.93 Sunol - Forest Fire Station 18.54 C 
1989 1018 0005 6.93 Treasure Island 5.12 E 
1989 1018 0005 6.93 UCSC 8.84 C 
1989 1018 0005 6.93 UCSC Lick Observatory 9.64 C 
1989 1018 0005 6.93 WAHO 10.81 C 
1989 1018 0005 6.93 Woodside 16.14 C 
1989 1018 0005 6.93 Yerba Buena Island 10.82 C 
1990 1221 0658 6.10 Kilkis 11.36 D 
1991 0615 0059 6.20 Ambralauri 17.62 D 
1991 0615 0059 6.20 Baz 12.64 D 
1991 0615 0059 6.20 Iri 7.55 D 
1991 0615 0059 6.20 Oni 13.41 D 
1991 0615 0059 6.20 Zem 12.05 D 
1992 0313 1718 6.69 Erzincan 7.47 D 
1992 0413 0120 5.30 GSH 5.60 C 
1992 0413 0120 5.30 OLF 7.12 C 
1992 0413 0120 5.30 WBS 8.19 C 
1992 0425 1806 7.01 Cape Mendocino 7.84 C 
1992 0425 1806 7.01 Eureka - Myrtle & West 20.37 D 
1992 0425 1806 7.01 Fortuna - Fortuna Blvd 18.50 C 
1992 0425 1806 7.01 Petrolia 16.96 C 
1992 0425 1806 7.01 Rio Dell Overpass - FF 12.98 D 
1992 0425 1806 7.01 Shelter Cove Airport 16.85 C 
1992 0628 1158 7.28 Amboy 27.50 D 
1992 0628 1158 7.28 Anaheim - W Ball Rd 26.66 D 
1992 0628 1158 7.28 Arcadia - Arcadia Av 34.03 D 
1992 0628 1158 7.28 Arcadia - Campus Dr 30.25 C 
1992 0628 1158 7.28 Baker Fire Station 22.99 D 
1992 0628 1158 7.28 Baldwin Park - N Holly 26.20 D 
1992 0628 1158 7.28 Barstow 19.74 C 
1992 0628 1158 7.28 Bell Gardens - Jaboneria 24.17 D 
1992 0628 1158 7.28 Big Tujunga, Angeles Nat F 30.79 C 
1992 0628 1158 7.28 Boron Fire Station 13.27 D 
1992 0628 1158 7.28 Brea - S Flower Av 30.53 D 
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1992 0628 1158 7.28 Buena Park - La Palma 25.26 D 
1992 0628 1158 7.28 Burbank - N Buena Vista 30.40 D 
1992 0628 1158 7.28 Calabasas - N Las Virg 30.38 D 
1992 0628 1158 7.28 Chatsworth - Devonshire 37.94 C 
1992 0628 1158 7.28 Compton - Castlegate St 22.09 D 
1992 0628 1158 7.28 Coolwater 9.34 D 
1992 0628 1158 7.28 Covina - W Badillo 27.48 D 
1992 0628 1158 7.28 Desert Hot Springs 31.95 D 
1992 0628 1158 7.28 Downey - Co Maint Bldg 47.38 D 
1992 0628 1158 7.28 Duarte - Mel Canyon Rd. 24.38 C 
1992 0628 1158 7.28 El Monte - Fairview Av 26.88 D 
1992 0628 1158 7.28 Featherly Park - Maint 25.35 D 
1992 0628 1158 7.28 Fort Irwin 13.56 D 
1992 0628 1158 7.28 Fountain Valley - Euclid 27.10 D 
1992 0628 1158 7.28 Glendale - Las Palmas 25.42 C 
1992 0628 1158 7.28 Glendora - N Oakbank 25.51 C 
1992 0628 1158 7.28 Hacienda Heights - Colima 28.64 D 
1992 0628 1158 7.28 Hemet Fire Station 32.63 D 
1992 0628 1158 7.28 Huntington Bch - Waikiki 23.72 D 
1992 0628 1158 7.28 Indio - Coachella Canal 36.97 D 
1992 0628 1158 7.28 Inglewood - Union Oil 49.92 D 
1992 0628 1158 7.28 Joshua Tree 26.71 D 
1992 0628 1158 7.28 LA - 116th St School 36.38 D 
1992 0628 1158 7.28 LA - Fletcher Dr 29.98 C 
1992 0628 1158 7.28 LA - N Figueroa St 23.47 C 
1992 0628 1158 7.28 LA - N Westmoreland 23.20 D 
1992 0628 1158 7.28 LA - Obregon Park 40.42 D 
1992 0628 1158 7.28 LA - S Grand Ave 27.59 D 
1992 0628 1158 7.28 LA - W 15th St 36.53 C 
1992 0628 1158 7.28 LA - W 70th St 24.78 D 
1992 0628 1158 7.28 LB - Orange Ave 26.45 D 
1992 0628 1158 7.28 La Crescenta - New York 27.87 C 
1992 0628 1158 7.28 La Habra - Briarcliff 24.52 C 
1992 0628 1158 7.28 La Puente - Rimgrove Av 28.32 D 
1992 0628 1158 7.28 Lakewood - Del Amo Blvd 27.74 C 
1992 0628 1158 7.28 Lucerne 13.57 D 
1992 0628 1158 7.28 Mission Creek Fault 37.39 D 
1992 0628 1158 7.28 Morongo Valley 31.60 D 
1992 0628 1158 7.28 North Palm Springs 36.74 D 
1992 0628 1158 7.28 Northridge - 17645 Saticoy St 35.45 D 
1992 0628 1158 7.28 Palm Springs Airport 37.67 D 
1992 0628 1158 7.28 Pomona - 4th & Locust FF 25.70 D 
1992 0628 1158 7.28 Puerta La Cruz 33.07 C 
1992 0628 1158 7.28 Riverside Airport 27.24 C 
1992 0628 1158 7.28 San Bernardino - E & Hospitality 37.07 D 
1992 0628 1158 7.28 San Gabriel - E Grand Ave 30.48 C 
1992 0628 1158 7.28 Santa Fe Springs - E.Joslin 28.54 D 
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1992 0628 1158 7.28 Silent Valley - Poppet Flat 30.91 C 
1992 0628 1158 7.28 Sun Valley - Roscoe Blvd 37.71 D 
1992 0628 1158 7.28 Sun Valley - Sunland 29.69 D 
1992 0628 1158 7.28 Sunland - Mt Gleason Ave 36.71 C 
1992 0628 1158 7.28 Tarzana - Cedar Hill 37.25 D 
1992 0628 1158 7.28 Tustin - E Sycamore 28.89 D 
1992 0628 1158 7.28 Twentynine Palms 30.89 C 
1992 0628 1158 7.28 Villa Park - Serrano Ave 30.09 D 
1992 0628 1158 7.28 West Covina - S Orange Ave 27.27 D 
1992 0628 1158 7.28 Yermo Fire Station 18.30 D 
1992 0628 1506 6.46 Big Bear Lake - Civic Center 10.39 D 
1992 0628 1506 6.46 Desert Hot Springs 12.22 D 
1992 0628 1506 6.46 Desert Shores 15.47 D 
1992 0628 1506 6.46 Elizabeth Lake 21.41 D 
1992 0628 1506 6.46 Featherly Park - Maint 24.18 D 
1992 0628 1506 6.46 Hemet Fire Station 13.05 D 
1992 0628 1506 6.46 Hesperia - 4th & Palm 12.68 D 
1992 0628 1506 6.46 Indio - Coachella Canal 24.69 D 
1992 0628 1506 6.46 Indio - Riverside Co Fair Grnds 22.72 D 
1992 0628 1506 6.46 Joshua Tree 12.84 C 
1992 0628 1506 6.46 LA - 1955 1/2 Purdue Ave. Bsmt 15.78 C 
1992 0628 1506 6.46 LA - City Terrace 16.18 C 
1992 0628 1506 6.46 LA - Temple & Hope 15.73 C 
1992 0628 1506 6.46 LA - Univ. Hospital 14.84 D 
1992 0628 1506 6.46 Lake Cachulla 15.98 D 
1992 0628 1506 6.46 Mecca - CVWD Yard 13.19 D 
1992 0628 1506 6.46 Mt Baldy - Elementary Sch 16.41 C 
1992 0628 1506 6.46 Newport Bch - Irvine Ave. F.S 17.62 D 
1992 0628 1506 6.46 North Shore - Durmid 17.09 D 
1992 0628 1506 6.46 North Shore - Salton Sea Pk HQ 17.84 D 
1992 0628 1506 6.46 Palm Springs Airport 14.30 C 
1992 0628 1506 6.46 Pear Blossom - Pallet Creek 13.29 D 
1992 0628 1506 6.46 Puerta La Cruz 15.30 C 
1992 0628 1506 6.46 Rancho Cucamonga - Deer Can 22.98 B 
1992 0628 1506 6.46 Riverside Airport 13.28 C 
1992 0628 1506 6.46 Sage - Fire Station 12.18 C 
1992 0628 1506 6.46 Salton City 13.06 C 
1992 0628 1506 6.46 San Bernardino - 2nd & Arrowhead 18.19 D 
1992 0628 1506 6.46 San Bernardino - E & Hospitality 11.29 D 
1992 0628 1506 6.46 San Jacinto - Valley Cemetary 10.95 D 
1992 0628 1506 6.46 Seal Beach - Office Bldg 15.73 C 
1992 0628 1506 6.46 Silent Valley - Poppet Flat 10.95 C 
1992 0628 1506 6.46 Snow Creek 10.16 D 
1992 0628 1506 6.46 Tarzana - Cedar Hill A 18.98 D 
1992 0628 1506 6.46 Temecula - 6th & Mercedes 14.05 C 
1992 0628 1506 6.46 Winchester Bergman Ran 12.08 C 
1992 0628 1506 6.46 Wrightwood - Nielson Ranch 12.73 D 
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1992 0628 1506 6.46 Wrightwood - Swarthout 13.29 D 
1992 0628 1506 6.46 Yermo Fire Station 13.34 D 
1994 0117 1231 6.69 Alhambra - Fremont School 19.88 C 
1994 0117 1231 6.69 Anacapa Island 13.15 B 
1994 0117 1231 6.69 Anaheim - W Ball Rd 19.12 D 
1994 0117 1231 6.69 Anaverde Valley - City R 14.68 C 
1994 0117 1231 6.69 Antelope Buttes 14.55 B 
1994 0117 1231 6.69 Arcadia - Arcadia Av 16.43 D 
1994 0117 1231 6.69 Arcadia - Campus Dr 16.63 C 
1994 0117 1231 6.69 Arleta - Nordhoff Fire Sta 13.29 D 
1994 0117 1231 6.69 Baldwin Park - N Holly 13.97 D 
1994 0117 1231 6.69 Bell Gardens - Jaboneria 18.50 D 
1994 0117 1231 6.69 Beverly Hills - 12520 Mulhol 7.74 C 
1994 0117 1231 6.69 Beverly Hills - 14145 Mulhol 8.87 D 
1994 0117 1231 6.69 Big Tujunga, Angeles Nat F 10.11 C 
1994 0117 1231 6.69 Brea - S Flower Av 14.70 D 
1994 0117 1231 6.69 Buena Park - La Palma 17.56 D 
1994 0117 1231 6.69 Burbank - Howard Rd. 9.73 B 
1994 0117 1231 6.69 Camarillo 35.57 D 
1994 0117 1231 6.69 Canoga Park - Topanga Can 11.25 D 
1994 0117 1231 6.69 Canyon Country - W Lost Cany 5.97 D 
1994 0117 1231 6.69 Carson - Catskill Ave 20.20 C 
1994 0117 1231 6.69 Carson - Water St 23.07 E 
1994 0117 1231 6.69 Castaic - Old Ridge Route 8.88 C 
1994 0117 1231 6.69 Compton - Castlegate St 22.49 D 
1994 0117 1231 6.69 Covina - S Grand Ave 19.24 C 
1994 0117 1231 6.69 Covina - W Badillo 16.13 D 
1994 0117 1231 6.69 Downey - Birchdale 16.65 D 
1994 0117 1231 6.69 Downey - Co Maint Bldg 15.84 D 
1994 0117 1231 6.69 Duarte - Mel Canyon Rd. 16.29 C 
1994 0117 1231 6.69 El Monte - Fairview Av 18.30 D 
1994 0117 1231 6.69 Elizabeth Lake 10.89 D 
1994 0117 1231 6.69 Featherly Park - Maint 10.75 D 
1994 0117 1231 6.69 Garden Grove - Santa Rita 17.34 D 
1994 0117 1231 6.69 Glendale - Las Palmas 10.51 C 
1994 0117 1231 6.69 Glendora - N Oakbank 15.45 C 
1994 0117 1231 6.69 Hacienda Heights - Colima 19.90 D 
1994 0117 1231 6.69 Hemet - Ryan Airfield 19.62 D 
1994 0117 1231 6.69 Hollywood - Willoughby Ave 14.16 D 
1994 0117 1231 6.69 Huntington Bch - Waikiki 20.39 D 
1994 0117 1231 6.69 Huntington Beach - Lake St 27.98 C 
1994 0117 1231 6.69 Inglewood - Union Oil 20.38 D 
1994 0117 1231 6.69 Jensen Filter Plant 6.95 C 
1994 0117 1231 6.69 Jensen Filter Plant Generator 6.34 C 
1994 0117 1231 6.69 LA - 116th St School 18.74 D 
1994 0117 1231 6.69 LA - Baldwin Hills 17.02 D 
1994 0117 1231 6.69 LA - Brentwood VA Hospital 11.09 C 
  175 
1994 0117 1231 6.69 LA - Centinela St 11.55 D 
1994 0117 1231 6.69 LA - Century City CC North 13.48 D 
1994 0117 1231 6.69 LA - Chalon Rd 7.99 C 
1994 0117 1231 6.69 LA - City Terrace 11.83 C 
1994 0117 1231 6.69 LA - Cypress Ave 10.41 C 
1994 0117 1231 6.69 LA - Fletcher Dr 11.79 C 
1994 0117 1231 6.69 LA - Griffith Park Observatory 8.11 B 
1994 0117 1231 6.69 LA - Hollywood Stor FF 11.38 D 
1994 0117 1231 6.69 LA - N Faring Rd 9.59 D 
1994 0117 1231 6.69 LA - N Figueroa St 12.56 C 
1994 0117 1231 6.69 LA - N Westmoreland 9.67 D 
1994 0117 1231 6.69 LA - Obregon Park 11.19 D 
1994 0117 1231 6.69 LA - Pico & Sentous 17.33 D 
1994 0117 1231 6.69 LA - S Grand Ave 12.64 D 
1994 0117 1231 6.69 LA - Saturn St 12.09 D 
1994 0117 1231 6.69 LA - Sepulveda VA Hospital 8.08 C 
1994 0117 1231 6.69 LA - Temple & Hope 14.00 C 
1994 0117 1231 6.69 LA - UCLA Grounds 10.81 C 
1994 0117 1231 6.69 LA - Univ. Hospital 11.40 C 
1994 0117 1231 6.69 LA - W 15th St 19.56 C 
1994 0117 1231 6.69 LA - Wadsworth VA Hospital North 11.21 C 
1994 0117 1231 6.69 LA - Wadsworth VA Hospital South 10.98 C 
1994 0117 1231 6.69 LA - Wonderland Ave 7.71 B 
1994 0117 1231 6.69 LA 00 8.08 C 
1994 0117 1231 6.69 LA Dam 6.66 C 
1994 0117 1231 6.69 LB - City Hall 32.42 C 
1994 0117 1231 6.69 LB - Rancho Los Cerritos 25.69 C 
1994 0117 1231 6.69 La Crescenta - New York 10.38 C 
1994 0117 1231 6.69 La Habra - Briarcliff 14.20 C 
1994 0117 1231 6.69 La Puente - Rimgrove Av 13.08 D 
1994 0117 1231 6.69 Lake Hughes #1 15.02 C 
1994 0117 1231 6.69 Lake Hughes #12A 9.85 C 
1994 0117 1231 6.69 Lake Hughes #4 - Camp Mend 13.69 B 
1994 0117 1231 6.69 Lake Hughes #4B - Camp Mend 13.50 C 
1994 0117 1231 6.69 Lake Hughes #9 8.64 C 
1994 0117 1231 6.69 Lakewood - Del Amo Blvd 21.05 D 
1994 0117 1231 6.69 Lancaster - Fox Airfield Grnd 26.74 D 
1994 0117 1231 6.69 Lawndale - Osage Ave 23.11 C 
1994 0117 1231 6.69 Leona Valley #1 12.02 C 
1994 0117 1231 6.69 Leona Valley #2 13.08 C 
1994 0117 1231 6.69 Leona Valley #3 13.29 C 
1994 0117 1231 6.69 Leona Valley #4 13.40 C 
1994 0117 1231 6.69 Leona Valley #5 - Ritter 14.33 C 
1994 0117 1231 6.69 Leona Valley #6 11.06 D 
1994 0117 1231 6.69 Littlerock - Brainard Can 14.57 B 
1994 0117 1231 6.69 Malibu - Point Dume Sch 17.30 D 
1994 0117 1231 6.69 Manhattan Beach - Manhattan 19.64 C 
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1994 0117 1231 6.69 Mojave - Hwys 14 & 58 17.36 D 
1994 0117 1231 6.69 Mojave - Oak Creek Canyon 13.20 D 
1994 0117 1231 6.69 Montebello - Bluff Rd. 12.16 C 
1994 0117 1231 6.69 Moorpark - Fire Sta 15.22 C 
1994 0117 1231 6.69 Mt Baldy - Elementary Sch 13.49 D 
1994 0117 1231 6.69 Mt Wilson - CIT Seis Sta 9.85 B 
1994 0117 1231 6.69 N Hollywood - Coldwater Can 15.76 C 
1994 0117 1231 6.69 Neenach - Sacatara Ck 26.40 D 
1994 0117 1231 6.69 Newhall - Fire Sta 5.77 D 
1994 0117 1231 6.69 Newhall - W Pico Canyon Rd. 7.87 D 
1994 0117 1231 6.69 Newport Bch - Irvine Ave. F.S 21.83 C 
1994 0117 1231 6.69 Newport Bch - Newp & Coast 24.60 C 
1994 0117 1231 6.69 Northridge - 17645 Saticoy St 12.95 D 
1994 0117 1231 6.69 Pacific Palisades - Sunset 9.23 C 
1994 0117 1231 6.69 Pacoima Dam (downstr) 4.29 A 
1994 0117 1231 6.69 Pacoima Dam (upper left) 5.74 A 
1994 0117 1231 6.69 Pacoima Kagel Canyon 10.03 C 
1994 0117 1231 6.69 Palmdale - Hwy 14 & Palmdale 17.00 C 
1994 0117 1231 6.69 Pardee - SCE 7.11 D 
1994 0117 1231 6.69 Pasadena - N Sierra Madre 9.10 C 
1994 0117 1231 6.69 Phelan - Wilson Ranch 25.27 D 
1994 0117 1231 6.69 Playa Del Rey - Saran 19.66 C 
1994 0117 1231 6.69 Point Mugu - Laguna Peak 9.73 C 
1994 0117 1231 6.69 Port Hueneme - Naval Lab. 22.99 D 
1994 0117 1231 6.69 Rancho Cucamonga - Deer Can 15.51 B 
1994 0117 1231 6.69 Rancho Palos Verdes - Hawth 13.08 C 
1994 0117 1231 6.69 Rancho Palos Verdes - Luconia 12.92 C 
1994 0117 1231 6.69 Rinaldi Receiving Sta 7.51 D 
1994 0117 1231 6.69 Riverside Airport 11.07 C 
1994 0117 1231 6.69 Rolling Hills Est-Rancho Vista 18.22 C 
1994 0117 1231 6.69 Rosamond - Airport 17.72 D 
1994 0117 1231 6.69 San Bernardino - CSUSB Gr 13.87 D 
1994 0117 1231 6.69 
San Bernardino - Co Service Bldg - 
Freefield 16.41 D 
1994 0117 1231 6.69 San Bernardino - E & Hospitality 16.66 D 
1994 0117 1231 6.69 San Gabriel - E Grand Ave 13.85 C 
1994 0117 1231 6.69 San Jacinto - CDF Fire Sta 24.99 D 
1994 0117 1231 6.69 San Marino - SW Academy 12.20 C 
1994 0117 1231 6.69 San Pedro - Palos Verdes 13.18 C 
1994 0117 1231 6.69 Sandberg - Bald Mtn 15.08 B 
1994 0117 1231 6.69 Santa Barbara - UCSB Goleta 22.69 D 
1994 0117 1231 6.69 Santa Fe Springs - E.Joslin 14.70 D 
1994 0117 1231 6.69 Santa Monica City Hall 9.76 D 
1994 0117 1231 6.69 Santa Susana Ground 7.72 C 
1994 0117 1231 6.69 Seal Beach - Office Bldg 17.47 C 
1994 0117 1231 6.69 Simi Valley - Katherine Rd 6.33 C 
1994 0117 1231 6.69 Stone Canyon 7.73 C 
1994 0117 1231 6.69 Sun Valley - Roscoe Blvd 14.55 D 
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1994 0117 1231 6.69 Sunland - Mt Gleason Ave 13.75 D 
1994 0117 1231 6.69 Sylmar - Converter Sta 10.69 C 
1994 0117 1231 6.69 Sylmar - Converter Sta East 6.00 D 
1994 0117 1231 6.69 Sylmar - Olive View Med FF 6.08 C 
1994 0117 1231 6.69 Tarzana - Cedar Hill A 11.60 C 
1994 0117 1231 6.69 Terminal Island - S Seaside 13.87 D 
1994 0117 1231 6.69 Topanga - Fire Sta 8.39 C 
1994 0117 1231 6.69 Tustin - E Sycamore 17.40 D 
1994 0117 1231 6.69 Vasquez Rocks Park 13.19 B 
1994 0117 1231 6.69 Ventura - Harbor & California 36.92 D 
1994 0117 1231 6.69 Villa Park - Serrano Ave 16.02 D 
1994 0117 1231 6.69 West Covina - S Orange Ave 19.57 D 
1994 0117 1231 6.69 Whittier - S. Alta Dr 11.60 C 
1994 0117 1231 6.69 Wrightwood - Jackson Flat 14.85 B 
1994 0117 1231 6.69 Wrightwood - Nielson Ranch 19.60 D 
1994 0117 1231 6.69 Wrightwood - Swarthout 16.68 D 
1994 0912 1223 5.90 Woodfords 7.09 D 
1995 0116 2046 6.90 HIK 13.79 D 
1995 0116 2046 6.90 KJMA 8.99 D 
1995 0116 2046 6.90 Kakogawa 13.07 D 
1995 0116 2046 6.90 MZH 24.03 C 
1995 0116 2046 6.90 Nishi-Akashi 10.52 C 
1995 0116 2046 6.90 OKA 17.52 C 
1995 0116 2046 6.90 OSAJ 64.22 D 
1995 0116 2046 6.90 Shin-Osaka 11.11 D 
1995 0116 2046 6.90 Takarazuka 4.19 C 
1995 0116 2046 6.90 Takatori 10.68 D 
1995 0116 2046 6.90 Yae 10.95 D 
1995 0513 0847 6.40 Florina 18.84 C 
1995 0513 0847 6.40 Kardista 22.78 D 
1995 0513 0847 6.40 Kozani 7.53 C 
1995 0515 0413 5.10 Chromio Anapsiktirio 4.62 D 
1995 0515 0413 5.10 Grevena 5.33 D 
1995 0517 0414 5.30 Chromio Anapsiktirio 4.51 D 
1995 0517 0414 5.30 Grevena 6.50 D 
1995 0519 0648 5.10 Grevena 7.84 D 
1995 0519 0648 5.10 Karpero 6.55 D 
1995 1001 1557 6.40 Cardak 13.80 D 
1995 1001 1557 6.40 Dinar 16.38 D 
1999 0817   7.51 Afyon Bay 12.30 D 
1999 0817   7.51 Ambarli 36.98 E 
1999 0817   7.51 Arcelik 10.71 C 
1999 0817   7.51 Atakoy 33.85 D 
1999 0817   7.51 Bursa Sivil 33.95 C 
1999 0817   7.51 Bursa Tofas 39.48 D 
1999 0817   7.51 Cekmece 33.79 D 
1999 0817   7.51 Duzce 11.23 D 
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1999 0817   7.51 Fatih 33.34 D 
1999 0817   7.51 Goynuk 10.96 C 
1999 0817   7.51 Hava Alani 35.99 C 
1999 0817   7.51 Istanbul 37.77 C 
1999 0817   7.51 Izmit 14.16 B 
1999 0817   7.51 Iznik 18.14 D 
1999 0817   7.51 Maslak 36.67 C 
1999 0817   7.51 Mecidiyekoy 15.46 C 
1999 0817   7.51 Yarimca 15.54 D 
1999 0817   7.51 Zeytinburnu 39.20 D 
1999 0920   7.62 CHY002 54.30 D 
1999 0920   7.62 CHY004 78.56 D 
1999 0920   7.62 CHY006 25.44 C 
1999 0920   7.62 CHY008 56.85 D 
1999 0920   7.62 CHY010 28.12 C 
1999 0920   7.62 CHY012 83.12 D 
1999 0920   7.62 CHY014 26.57 C 
1999 0920   7.62 CHY015 38.22 D 
1999 0920   7.62 CHY016 71.02 D 
1999 0920   7.62 CHY017 64.01 D 
1999 0920   7.62 CHY019 38.18 C 
1999 0920   7.62 CHY022 37.93 C 
1999 0920   7.62 CHY023 51.75 D 
1999 0920   7.62 CHY024 25.57 C 
1999 0920   7.62 CHY025 34.57 D 
1999 0920   7.62 CHY026 44.06 D 
1999 0920   7.62 CHY027 44.93 D 
1999 0920   7.62 CHY028 7.16 C 
1999 0920   7.62 CHY029 27.96 C 
1999 0920   7.62 CHY032 43.00 D 
1999 0920   7.62 CHY033 46.64 D 
1999 0920   7.62 CHY034 27.08 C 
1999 0920   7.62 CHY035 27.00 C 
1999 0920   7.62 CHY036 29.52 D 
1999 0920   7.62 CHY039 38.26 D 
1999 0920   7.62 CHY041 25.88 C 
1999 0920   7.62 CHY042 33.78 C 
1999 0920   7.62 CHY044 43.37 D 
1999 0920   7.62 CHY046 32.65 C 
1999 0920   7.62 CHY047 34.87 D 
1999 0920   7.62 CHY050 37.29 C 
1999 0920   7.62 CHY052 33.06 C 
1999 0920   7.62 CHY054 37.92 E 
1999 0920   7.62 CHY055 59.07 D 
1999 0920   7.62 CHY057 38.48 C 
1999 0920   7.62 CHY058 44.68 D 
1999 0920   7.62 CHY059 50.02 D 
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1999 0920   7.62 CHY060 49.50 D 
1999 0920   7.62 CHY061 37.44 C 
1999 0920   7.62 CHY062 36.95 C 
1999 0920   7.62 CHY063 41.94 D 
1999 0920   7.62 CHY065 37.98 D 
1999 0920   7.62 CHY066 79.55 D 
1999 0920   7.62 CHY067 70.32 D 
1999 0920   7.62 CHY069 43.11 D 
1999 0920   7.62 CHY070 39.34 D 
1999 0920   7.62 CHY071 47.01 D 
1999 0920   7.62 CHY074 30.28 C 
1999 0920   7.62 CHY076 41.43 E 
1999 0920   7.62 CHY078 39.25 E 
1999 0920   7.62 CHY079 34.02 C 
1999 0920   7.62 CHY080 21.90 C 
1999 0920   7.62 CHY081 35.60 C 
1999 0920   7.62 CHY082 42.12 D 
1999 0920   7.62 CHY086 28.19 C 
1999 0920   7.62 CHY087 31.57 C 
1999 0920   7.62 CHY088 33.22 D 
1999 0920   7.62 CHY090 41.15 D 
1999 0920   7.62 CHY092 47.18 D 
1999 0920   7.62 CHY093 88.83 D 
1999 0920   7.62 CHY094 69.92 D 
1999 0920   7.62 CHY096 59.33 D 
1999 0920   7.62 CHY099 71.10 D 
1999 0920   7.62 CHY100 52.49 D 
1999 0920   7.62 CHY101 28.44 D 
1999 0920   7.62 CHY102 35.93 C 
1999 0920   7.62 CHY104 48.44 D 
1999 0920   7.62 CHY107 54.55 E 
1999 0920   7.62 CHY109 34.89 C 
1999 0920   7.62 CHY110 32.06 C 
1999 0920   7.62 CHY116 132.25 D 
1999 0920   7.62 HWA002 23.75 C 
1999 0920   7.62 HWA003 19.22 A 
1999 0920   7.62 HWA005 25.59 D 
1999 0920   7.62 HWA006 19.20 D 
1999 0920   7.62 HWA007 29.43 D 
1999 0920   7.62 HWA009 29.11 D 
1999 0920   7.62 HWA011 25.95 D 
1999 0920   7.62 HWA012 28.98 D 
1999 0920   7.62 HWA013 29.83 D 
1999 0920   7.62 HWA014 28.68 D 
1999 0920   7.62 HWA015 18.93 D 
1999 0920   7.62 HWA016 25.65 D 
1999 0920   7.62 HWA017 21.38 D 
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1999 0920   7.62 HWA019 27.51 D 
1999 0920   7.62 HWA020 17.86 C 
1999 0920   7.62 HWA022 21.82 C 
1999 0920   7.62 HWA023 20.02 C 
1999 0920   7.62 HWA024 34.71 C 
1999 0920   7.62 HWA025 20.33 C 
1999 0920   7.62 HWA026 19.10 C 
1999 0920   7.62 HWA027 14.95 D 
1999 0920   7.62 HWA028 32.76 D 
1999 0920   7.62 HWA029 21.61 C 
1999 0920   7.62 HWA030 19.82 D 
1999 0920   7.62 HWA031 19.89 C 
1999 0920   7.62 HWA032 17.69 C 
1999 0920   7.62 HWA033 19.75 C 
1999 0920   7.62 HWA034 20.17 C 
1999 0920   7.62 HWA035 22.01 C 
1999 0920   7.62 HWA036 31.01 D 
1999 0920   7.62 HWA037 30.62 D 
1999 0920   7.62 HWA038 32.63 C 
1999 0920   7.62 HWA039 27.71 C 
1999 0920   7.62 HWA041 32.34 D 
1999 0920   7.62 HWA043 26.03 D 
1999 0920   7.62 HWA044 25.56 C 
1999 0920   7.62 HWA045 12.90 C 
1999 0920   7.62 HWA046 17.11 C 
1999 0920   7.62 HWA048 30.07 D 
1999 0920   7.62 HWA049 25.85 D 
1999 0920   7.62 HWA050 15.54 D 
1999 0920   7.62 HWA051 19.29 D 
1999 0920   7.62 HWA054 30.63 D 
1999 0920   7.62 HWA055 33.40 D 
1999 0920   7.62 HWA056 16.63 C 
1999 0920   7.62 HWA057 19.46 C 
1999 0920   7.62 HWA058 16.46 C 
1999 0920   7.62 HWA059 18.32 C 
1999 0920   7.62 HWA060 25.16 C 
1999 0920   7.62 ILA002 29.73 D 
1999 0920   7.62 ILA003 45.54 D 
1999 0920   7.62 ILA004 46.92 E 
1999 0920   7.62 ILA005 52.03 D 
1999 0920   7.62 ILA006 27.76 D 
1999 0920   7.62 ILA007 21.47 C 
1999 0920   7.62 ILA008 39.13 D 
1999 0920   7.62 ILA010 26.29 C 
1999 0920   7.62 ILA012 30.12 D 
1999 0920   7.62 ILA013 30.60 D 
1999 0920   7.62 ILA014 28.52 D 
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1999 0920   7.62 ILA015 27.46 C 
1999 0920   7.62 ILA016 24.66 D 
1999 0920   7.62 ILA021 24.80 C 
1999 0920   7.62 ILA024 27.82 C 
1999 0920   7.62 ILA027 30.67 D 
1999 0920   7.62 ILA030 31.22 D 
1999 0920   7.62 ILA031 20.13 C 
1999 0920   7.62 ILA032 21.06 D 
1999 0920   7.62 ILA035 19.41 D 
1999 0920   7.62 ILA036 28.24 D 
1999 0920   7.62 ILA037 25.79 D 
1999 0920   7.62 ILA039 24.39 D 
1999 0920   7.62 ILA041 41.60 D 
1999 0920   7.62 ILA042 41.59 D 
1999 0920   7.62 ILA043 19.98 C 
1999 0920   7.62 ILA044 36.35 E 
1999 0920   7.62 ILA046 25.39 C 
1999 0920   7.62 ILA048 36.34 D 
1999 0920   7.62 ILA049 31.48 D 
1999 0920   7.62 ILA050 23.26 C 
1999 0920   7.62 ILA051 26.63 C 
1999 0920   7.62 ILA052 22.24 C 
1999 0920   7.62 ILA055 58.81 C 
1999 0920   7.62 ILA056 50.09 D 
1999 0920   7.62 ILA059 42.37 D 
1999 0920   7.62 ILA061 22.79 D 
1999 0920   7.62 ILA062 25.50 C 
1999 0920   7.62 ILA063 22.36 C 
1999 0920   7.62 ILA064 23.35 B 
1999 0920   7.62 ILA066 25.26 C 
1999 0920   7.62 ILA067 17.94 C 
1999 0920   7.62 KAU001 40.87 C 
1999 0920   7.62 KAU010 46.06 C 
1999 0920   7.62 KAU012 37.91 D 
1999 0920   7.62 KAU018 41.00 E 
1999 0920   7.62 KAU020 39.73 C 
1999 0920   7.62 KAU022 42.46 D 
1999 0920   7.62 KAU047 38.35 C 
1999 0920   7.62 KAU048 46.47 D 
1999 0920   7.62 KAU050 35.73 C 
1999 0920   7.62 KAU054 32.25 C 
1999 0920   7.62 KAU063 46.37 D 
1999 0920   7.62 KAU069 37.00 C 
1999 0920   7.62 KAU077 39.94 C 
1999 0920   7.62 KAU078 35.81 C 
1999 0920   7.62 KAU085 54.42 D 
1999 0920   7.62 KAU086 57.45 D 
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1999 0920   7.62 NST 9.66 C 
1999 0920   7.62 SSD 38.38 C 
1999 0920   7.62 TAP017 30.38 D 
1999 0920   7.62 TAP024 33.57 D 
1999 0920   7.62 TAP026 29.31 D 
1999 0920   7.62 TAP028 26.88 D 
1999 0920   7.62 TAP032 20.97 C 
1999 0920   7.62 TAP034 23.21 C 
1999 0920   7.62 TAP035 20.49 C 
1999 0920   7.62 TAP036 21.72 C 
1999 0920   7.62 TAP043 28.43 D 
1999 0920   7.62 TAP047 26.75 D 
1999 0920   7.62 TAP052 21.81 C 
1999 0920   7.62 TAP053 19.19 C 
1999 0920   7.62 TAP067 24.37 C 
1999 0920   7.62 TAP086 27.46 C 
1999 0920   7.62 TAP097 28.04 D 
1999 0920   7.62 TCU003 40.21 C 
1999 0920   7.62 TCU006 30.41 C 
1999 0920   7.62 TCU007 29.81 C 
1999 0920   7.62 TCU008 35.60 C 
1999 0920   7.62 TCU009 35.05 C 
1999 0920   7.62 TCU010 35.91 C 
1999 0920   7.62 TCU011 15.97 C 
1999 0920   7.62 TCU014 29.56 D 
1999 0920   7.62 TCU015 24.96 C 
1999 0920   7.62 TCU017 26.11 C 
1999 0920   7.62 TCU018 35.57 C 
1999 0920   7.62 TCU025 33.18 C 
1999 0920   7.62 TCU026 23.13 C 
1999 0920   7.62 TCU029 23.01 C 
1999 0920   7.62 TCU031 28.37 C 
1999 0920   7.62 TCU033 25.02 C 
1999 0920   7.62 TCU034 21.05 C 
1999 0920   7.62 TCU036 25.22 D 
1999 0920   7.62 TCU038 27.01 D 
1999 0920   7.62 TCU039 24.91 C 
1999 0920   7.62 TCU040 27.45 C 
1999 0920   7.62 TCU042 20.69 D 
1999 0920   7.62 TCU045 11.11 C 
1999 0920   7.62 TCU046 18.38 C 
1999 0920   7.62 TCU047 14.40 C 
1999 0920   7.62 TCU048 30.67 C 
1999 0920   7.62 TCU049 22.22 C 
1999 0920   7.62 TCU050 27.39 D 
1999 0920   7.62 TCU051 26.50 D 
1999 0920   7.62 TCU052 16.45 C 
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1999 0920   7.62 TCU053 24.92 C 
1999 0920   7.62 TCU054 25.24 C 
1999 0920   7.62 TCU055 25.65 D 
1999 0920   7.62 TCU056 28.84 D 
1999 0920   7.62 TCU057 28.68 C 
1999 0920   7.62 TCU059 32.00 D 
1999 0920   7.62 TCU060 24.19 D 
1999 0920   7.62 TCU061 35.97 D 
1999 0920   7.62 TCU063 32.73 C 
1999 0920   7.62 TCU064 27.78 D 
1999 0920   7.62 TCU065 28.61 D 
1999 0920   7.62 TCU067 22.41 C 
1999 0920   7.62 TCU068 12.86 C 
1999 0920   7.62 TCU070 27.87 C 
1999 0920   7.62 TCU071 24.20 C 
1999 0920   7.62 TCU072 23.00 C 
1999 0920   7.62 TCU074 15.28 C 
1999 0920   7.62 TCU075 29.08 C 
1999 0920   7.62 TCU076 28.89 C 
1999 0920   7.62 TCU078 26.04 C 
1999 0920   7.62 TCU079 25.63 C 
1999 0920   7.62 TCU081 26.74 D 
1999 0920   7.62 TCU082 25.63 C 
1999 0920   7.62 TCU083 34.62 C 
1999 0920   7.62 TCU084 18.46 C 
1999 0920   7.62 TCU085 21.34 B 
1999 0920   7.62 TCU087 24.30 C 
1999 0920   7.62 TCU088 9.69 C 
1999 0920   7.62 TCU089 24.55 C 
1999 0920   7.62 TCU092 31.23 C 
1999 0920   7.62 TCU094 27.09 C 
1999 0920   7.62 TCU095 11.67 C 
1999 0920   7.62 TCU096 28.32 C 
1999 0920   7.62 TCU098 30.54 C 
1999 0920   7.62 TCU100 27.22 C 
1999 0920   7.62 TCU101 19.31 C 
1999 0920   7.62 TCU102 17.43 C 
1999 0920   7.62 TCU103 22.55 C 
1999 0920   7.62 TCU104 29.39 C 
1999 0920   7.62 TCU105 27.50 C 
1999 0920   7.62 TCU106 33.31 C 
1999 0920   7.62 TCU107 36.50 C 
1999 0920   7.62 TCU109 31.81 C 
1999 0920   7.62 TCU110 33.22 D 
1999 0920   7.62 TCU111 39.54 D 
1999 0920   7.62 TCU112 46.92 D 
1999 0920   7.62 TCU113 42.81 D 
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1999 0920   7.62 TCU115 44.14 D 
1999 0920   7.62 TCU116 31.16 C 
1999 0920   7.62 TCU117 36.55 D 
1999 0920   7.62 TCU118 42.50 D 
1999 0920   7.62 TCU119 44.44 D 
1999 0920   7.62 TCU120 32.57 C 
1999 0920   7.62 TCU122 30.65 C 
1999 0920   7.62 TCU123 37.09 D 
1999 0920   7.62 TCU128 20.03 C 
1999 0920   7.62 TCU129 29.07 C 
1999 0920   7.62 TCU136 21.82 C 
1999 0920   7.62 TCU138 33.13 C 
1999 0920   7.62 TCU140 68.82 D 
1999 0920   7.62 TCU141 51.76 D 
1999 0920   7.62 TCU145 71.69 D 
1999 0920   7.62 TCU147 20.94 C 
1999 0920   7.62 TTN001 32.04 D 
1999 0920   7.62 TTN002 35.99 C 
1999 0920   7.62 TTN003 36.03 D 
1999 0920   7.62 TTN004 41.87 D 
1999 0920   7.62 TTN005 41.42 C 
1999 0920   7.62 TTN006 42.92 D 
1999 0920   7.62 TTN007 40.39 D 
1999 0920   7.62 TTN008 42.03 D 
1999 0920   7.62 TTN009 40.27 D 
1999 0920   7.62 TTN010 40.65 D 
1999 0920   7.62 TTN012 42.13 D 
1999 0920   7.62 TTN013 36.78 C 
1999 0920   7.62 TTN014 32.10 C 
1999 0920   7.62 TTN015 44.01 D 
1999 0920   7.62 TTN018 35.65 C 
1999 0920   7.62 TTN020 40.25 D 
1999 0920   7.62 TTN022 33.21 D 
1999 0920   7.62 TTN023 38.97 C 
1999 0920   7.62 TTN024 37.89 C 
1999 0920   7.62 TTN025 35.92 C 
1999 0920   7.62 TTN026 35.16 C 
1999 0920   7.62 TTN027 38.79 C 
1999 0920   7.62 TTN028 40.01 C 
1999 0920   7.62 TTN031 27.52 D 
1999 0920   7.62 TTN032 24.95 C 
1999 0920   7.62 TTN033 32.88 D 
1999 0920   7.62 TTN036 41.12 C 
1999 0920   7.62 TTN040 34.45 C 
1999 0920   7.62 TTN041 34.35 C 
1999 0920   7.62 TTN042 34.41 B 
1999 0920   7.62 TTN044 47.42 C 
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1999 0920   7.62 TTN045 46.11 D 
1999 0920   7.62 TTN046 27.48 C 
1999 0920   7.62 TTN047 35.85 C 
1999 0920   7.62 TTN048 45.06 D 
1999 0920   7.62 TTN050 32.07 C 
1999 0920   7.62 TTN051 36.48 C 
1999 0920   7.62 WTC 34.93 D 
1999 1112   7.14 Bolu 8.99 D 
1999 1112   7.14 Duzce 10.93 D 
1999 1112   7.14 Lamont 1058 13.71 C 
1999 1112   7.14 Lamont 1059 14.68 C 
1999 1112   7.14 Lamont 1060 18.86 B 
1999 1112   7.14 Lamont 1061 15.70 C 
1999 1112   7.14 Lamont 1062 14.24 D 
1999 1112   7.14 Lamont 362 20.14 C 
1999 1112   7.14 Lamont 375 13.10 C 
1999 1112   7.14 Lamont 531 14.86 C 
1999 1112   7.14 Mudurnu 15.83 C 
1999 1112   7.14 Sakarya 24.78 C 
1999 1112   7.14 Yarimca 39.74 D 
1972 0904   4.81 Bear Valley #1, Fire Station 6.27 D 
1972 0904   4.81 Melendy Ranch 2.18 C 
1972 0904   4.81 Stone Canyon Geophys Obs 4.66 C 
1972 0730   7.68 Sitka Observatory 26.95 C 
1976 1124   7.21 Maku 19.71 D 
1990 0228   5.63 Ocean Floor SEMS III 51.52 C 
1990 0228   5.63 Pomona - 4th & Locust FF 6.99 D 
1990 0228   5.63 Rancho Cucamonga - FF 4.71 C 
1990 0620   7.37 Abbar 29.83 C 
1990 0620   7.37 Abhar 22.31 D 
1990 0620   7.37 Qazvin 21.83 D 
1990 0620   7.37 Rudsar 27.93 D 
1990 0620   7.37 Tonekabun 23.41 D 
1991 0628   5.61 Altadena - Eaton Canyon 2.61 C 
1991 0628   5.61 Cogswell Dam - Right Abutment 3.24 C 
1991 0628   5.61 LA - City Terrace 11.37 C 
1991 0628   5.61 LA - Obregon Park 8.16 D 
1991 0628   5.61 Mt Wilson - CIT Seis Sta 3.37 B 
1991 0628   5.61 Pasadena - USGS/NSMP Office 5.33 C 
1991 0628   5.61 San Marino - SW Academy 4.84 C 
1991 0628   5.61 Tarzana - Cedar Hill A 17.12 D 
1991 0628   5.61 Vasquez Rocks Park 4.45 B 
1994 0117 1232 6.05 Anaverde Valley - City R 15.26 C 
1994 0117 1232 6.05 Arleta - Nordhoff Fire Sta 10.95 D 
1994 0117 1232 6.05 Castaic - Old Ridge Route 12.88 C 
1994 0117 1232 6.05 Downey - Co Maint Bldg 12.95 D 
1994 0117 1232 6.05 Elizabeth Lake 12.14 D 
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1994 0117 1232 6.05 Inglewood - Union Oil 11.88 D 
1994 0117 1232 6.05 LA - 116th St School 11.32 D 
1994 0117 1232 6.05 LA - Baldwin Hills 10.71 D 
1994 0117 1232 6.05 LA - Century City CC North 10.51 D 
1994 0117 1232 6.05 LA - City Terrace 11.40 C 
1994 0117 1232 6.05 LA - Hollywood Stor FF 10.51 D 
1994 0117 1232 6.05 LA - Obregon Park 11.06 D 
1994 0117 1232 6.05 LA - Temple & Hope 10.86 C 
1994 0117 1232 6.05 LA - Univ. Hospital 11.46 C 
1994 0117 1232 6.05 Lake Hughes #12A 8.62 C 
1994 0117 1232 6.05 Newhall - Fire Sta 7.62 D 
1994 0117 1232 6.05 Pacoima Kagel Canyon 7.18 C 
1994 0117 1232 6.05 Palmdale - Hwy 14 & Palmdale 8.30 C 
1994 0117 1241 5.20 Castaic - Old Ridge Route 7.03 C 
1994 0117 1241 5.20 Elizabeth Lake 17.02 D 
1994 0117 1241 5.20 Newhall - Fire Sta 4.61 D 
1994 0117 1241 5.20 Pacoima Kagel Canyon 6.60 C 
1994 0117 1241 5.20 Sandberg - Bald Mtn 14.01 B 
1994 0117 1241 5.20 Santa Monica City Hall 13.80 D 
1994 0117 1241 5.20 Tarzana - Cedar Hill A 13.10 D 
1994 0117 2333 5.93 Anaverde Valley - City R 16.32 C 
1994 0117 2333 5.93 Castaic - Old Ridge Route 9.19 C 
1994 0117 2333 5.93 Elizabeth Lake 16.58 D 
1994 0117 2333 5.93 LA - City Terrace 14.38 C 
1994 0117 2333 5.93 LA - Temple & Hope 20.71 C 
1994 0117 2333 5.93 LA - Univ. Hospital 16.65 C 
1994 0117 2333 5.93 Moorpark - Fire Sta 9.87 C 
1994 0117 0043 5.13 Anaverde Valley - City R 16.69 C 
1994 0117 0043 5.13 Castaic - Old Ridge Route 8.46 C 
1994 0117 0043 5.13 Elizabeth Lake 12.19 D 
1994 0117 0043 5.13 Jensen Filter Plant Generator 10.18 C 
1994 0117 0043 5.13 LA - City Terrace 17.58 C 
1994 0117 0043 5.13 Moorpark - Fire Sta 14.50 C 
1994 0117 0043 5.13 Pacoima Kagel Canyon 8.53 C 
1994 0117 0043 5.13 Sylmar - County Hospital Grounds 4.05 D 
1994 0320 2120 5.28 Anacapa Island 16.96 B 
1994 0320 2120 5.28 Anaverde Valley - City R 12.82 C 
1994 0320 2120 5.28 Arleta - Nordhoff Fire Sta 9.38 D 
1994 0320 2120 5.28 Beverly Hills - 12520 Mulhol 3.10 C 
1994 0320 2120 5.28 Big Tujunga, Angeles Nat F 2.00 C 
1994 0320 2120 5.28 Burbank - Howard Rd. 1.39 B 
1994 0320 2120 5.28 Burbank - N Buena Vista 2.97 D 
1994 0320 2120 5.28 Calabasas - N Las Virg 2.05 D 
1994 0320 2120 5.28 Castaic - Old Ridge Route 12.70 C 
1994 0320 2120 5.28 Elizabeth Lake 13.88 D 
1994 0320 2120 5.28 Hollywood - Willoughby Ave 3.00 D 
1994 0320 2120 5.28 Inglewood - Union Oil 17.03 D 
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1994 0320 2120 5.28 Jensen Filter Plant Generator 6.47 C 
1994 0320 2120 5.28 LA - 116th St School 15.03 D 
1994 0320 2120 5.28 LA - Baldwin Hills 14.51 D 
1994 0320 2120 5.28 LA - Century City CC North 8.04 D 
1994 0320 2120 5.28 LA - City Terrace 12.99 C 
1994 0320 2120 5.28 LA - Griffith Park Observatory 10.08 B 
1994 0320 2120 5.28 LA - Hollywood Stor FF 6.61 D 
1994 0320 2120 5.28 LA - N Faring Rd 2.74 D 
1994 0320 2120 5.28 LA - Temple & Hope 14.75 C 
1994 0320 2120 5.28 LA - Univ. Hospital 14.21 C 
1994 0320 2120 5.28 LA - W 70th St 2.49 D 
1994 0320 2120 5.28 LA - Wonderland Ave 1.96 B 
1994 0320 2120 5.28 La Crescenta - New York 2.24 C 
1994 0320 2120 5.28 Lake Hughes #12A 15.21 C 
1994 0320 2120 5.28 Littlerock - Brainard Can 12.79 B 
1994 0320 2120 5.28 Malibu - Point Dume Sch 9.19 D 
1994 0320 2120 5.28 Mill Creek, Angeles Nat For 2.66 C 
1994 0320 2120 5.28 Newhall - Fire Sta 11.10 D 
1994 0320 2120 5.28 Northridge - 17645 Saticoy St 2.24 D 
1994 0320 2120 5.28 Pacoima Kagel Canyon 7.69 C 
1994 0320 2120 5.28 Palmdale - Hwy 14 & Palmdale 12.83 C 
1994 0320 2120 5.28 Panorama City - Roscoe 3.84 D 
1994 0320 2120 5.28 Pasadena - USGS/NSMP Office 13.45 C 
1994 0320 2120 5.28 Rancho Cucamonga - Deer Can 13.71 B 
1994 0320 2120 5.28 Rinaldi Receiving Sta 2.33 D 
1994 0320 2120 5.28 San Marino - SW Academy 10.27 C 
1994 0320 2120 5.28 Santa Monica City Hall 8.62 D 
1994 0320 2120 5.28 Seal Beach - Office Bldg 26.92 C 
1994 0320 2120 5.28 Simi Valley - Katherine Rd 2.66 C 
1994 0320 2120 5.28 Sun Valley - Roscoe Blvd 2.95 D 
1994 0320 2120 5.28 Sun Valley - Sunland 1.57 D 
1994 0320 2120 5.28 Sunland - Mt Gleason Ave 3.92 C 
1994 0320 2120 5.28 Sylmar - Converter Sta 2.35 D 
1994 0320 2120 5.28 Sylmar - Converter Sta East 2.81 C 
1994 0320 2120 5.28 Sylmar - Sayre St 1.97 D 
1994 0320 2120 5.28 Tarzana - Cedar Hill A 9.09 D 
1992 0629   5.65 Station #1-Lathrop Wells 4.32 D 
1992 0629   5.65 Station #2-NTS Control Pt. 1 6.49 C 
1992 0629   5.65 Station #3-Beaty 17.57 D 
1992 0629   5.65 Station #4-Pahrump 2 31.40 D 
1992 0629   5.65 Station #5-Pahrump 1 18.05 D 
1992 0629   5.65 Station #6-Las Vegas Calico Basin 24.80 C 
1992 0629   5.65 Station #7-Las Vegas Ann Road 28.50 D 
1992 0629   5.65 
Station #8-Death Valley Scotties 
Castle 21.23 C 
1997 0405 2346 5.90 Jiashi 12.14 D 
1997 0405 2346 5.90 Xiker 20.86 D 
1997 0406 0436 5.93 Jiashi 16.88 D 
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1997 0406 0436 5.93 Xiker 22.37 D 
1997 0411 0534 6.10 Jiashi 10.88 D 
1997 0415 1819 5.80 Jiashi 11.75 D 
1997 0415 1819 5.80 Xiker 18.58 D 
1998 0812 1410 5.17 Hollister - City Hall Annex 9.61 D 
1998 0812 1410 5.17 Hollister - SAGO Vault 7.37 C 
1998 0812 1410 5.17 Hollister Diff. Array 10.30 D 
1999 1016   7.13 12440 Imperial Hwy, North Grn 18.83 D 
1999 1016   7.13 Alhambra - LA Co PW HQ FF 18.92 C 
1999 1016   7.13 Altadena - Eaton Canyon 35.41 C 
1999 1016   7.13 Amboy 26.40 D 
1999 1016   7.13 Anza - Pinyon Flat 21.48 C 
1999 1016   7.13 Anza - Tripp Flats Training 26.79 C 
1999 1016   7.13 Arleta - Nordhoff Fire Sta 56.80 D 
1999 1016   7.13 Baker Fire Station 21.21 D 
1999 1016   7.13 Banning - Twin Pines Road 26.75 C 
1999 1016   7.13 Barstow 20.70 C 
1999 1016   7.13 Beverly Hills Pac Bell Bsmt 39.41 D 
1999 1016   7.13 Big Bear Lake - Fire Station 13.13 D 
1999 1016   7.13 Bombay Beach Fire Station 38.59 D 
1999 1016   7.13 Burbank Airport 37.27 D 
1999 1016   7.13 Cabazon 26.51 D 
1999 1016   7.13 Desert Hot Springs 22.28 D 
1999 1016   7.13 Devore - Devore Water Company 22.05 D 
1999 1016   7.13 Downey - Co Maint Bldg 50.21 D 
1999 1016   7.13 El Centro Array #10 66.26 D 
1999 1016   7.13 Featherly Park - Maint 23.74 D 
1999 1016   7.13 Forest Falls Post Office 18.13 D 
1999 1016   7.13 Fort Irwin 14.44 D 
1999 1016   7.13 Frink 30.77 D 
1999 1016   7.13 Fun Valley 17.58 D 
1999 1016   7.13 Heart Bar State Park 16.22 C 
1999 1016   7.13 Hector 10.68 C 
1999 1016   7.13 Hemet Fire Station 29.29 D 
1999 1016   7.13 Hesperia - 4th & Palm 26.18 D 
1999 1016   7.13 Huntington Beach - Lake St 64.89 C 
1999 1016   7.13 Indio - Coachella Canal 27.16 D 
1999 1016   7.13 Indio - Riverside Co Fair Grnds 30.36 D 
1999 1016   7.13 Jensen Filter Plant Generator 20.83 C 
1999 1016   7.13 Joshua Tree 13.10 C 
1999 1016   7.13 Joshua Tree N.M. - Keys View 16.23 C 
1999 1016   7.13 LA - 116th St School 48.44 D 
1999 1016   7.13 LA - City Terrace 44.39 D 
1999 1016   7.13 LA - MLK Hospital Grounds 43.22 D 
1999 1016   7.13 LA - Obregon Park 44.24 D 
1999 1016   7.13 LA - Pico & Sentous 43.09 D 
1999 1016   7.13 LA - Temple & Hope 36.18 C 
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1999 1016   7.13 LB - City Hall 68.91 C 
1999 1016   7.13 La Canada - Wald Residence 35.09 C 
1999 1016   7.13 Lake Hughes #1 35.81 C 
1999 1016   7.13 Leona Valley - Fire Station #1 22.70 D 
1999 1016   7.13 Little Rock Post Office 21.11 C 
1999 1016   7.13 Los Angeles - Acosta Residence 30.44 C 
1999 1016   7.13 Lytle Creek Fire Station 26.94 D 
1999 1016   7.13 Mecca - CVWD Yard 22.64 D 
1999 1016   7.13 Mentone Fire Station #9 23.51 D 
1999 1016   7.13 Mill Creek Ranger Station 20.92 C 
1999 1016   7.13 Morongo Valley 23.17 D 
1999 1016   7.13 Newhall - Fire Sta 45.12 D 
1999 1016   7.13 Newport Bch - Irvine Ave. F.S 37.61 C 
1999 1016   7.13 North Palm Springs Fire Sta #36 25.30 D 
1999 1016   7.13 North Shore - Durmid 29.60 D 
1999 1016   7.13 Pacoima Kagel Canyon 41.71 C 
1999 1016   7.13 Palmdale Fire Station 32.79 C 
1999 1016   7.13 Pasadena - Fair Oaks & Walnut 26.74 C 
1999 1016   7.13 Pomona - 4th & Locust FF 31.77 C 
1999 1016   7.13 Riverside Airport 29.25 C 
1999 1016   7.13 Salton City 57.42 D 
1999 1016   7.13 San Bernardino - Del Rosa Wk Sta 14.03 C 
1999 1016   7.13 San Bernardino - E & Hospitality 32.09 D 
1999 1016   7.13 San Bernardino - Fire Sta. #10 29.63 D 
1999 1016   7.13 San Bernardino - Fire Sta. #4 23.68 C 
1999 1016   7.13 San Bernardino - Fire Sta. #9 24.49 D 
1999 1016   7.13 San Bernardino - Mont. Mem Pk 18.94 D 
1999 1016   7.13 San Bernardino - N Verdemont Sch 20.16 C 
1999 1016   7.13 San Jacinto - Soboba 23.46 C 
1999 1016   7.13 Seven Oaks Dam Project Office 19.78 C 
1999 1016   7.13 Snow Creek 25.02 D 
1999 1016   7.13 Sylmar - County Hospital Grounds 29.52 D 
1999 1016   7.13 Temecula - 6th & Mercedes 29.06 C 
1999 1016   7.13 Twentynine Palms 17.78 C 
1999 1016   7.13 Valyermo Forest Fire Station 26.62 D 
1999 1016   7.13 Whitewater Trout Farm 21.45 D 
1999 1016   7.13 Whittier - Scott & Whittier 35.80 D 
1999 1016   7.13 Whittier Narrows Dam downstream 39.62 D 
1999 1016   7.13 Wrightwood - Nielson Ranch 19.52 D 
1999 1016   7.13 Wrightwood Post Office 22.22 C 
2000 0903   5.00 APEEL 2 - Redwood City 15.08 E 
2000 0903   5.00 Alameda - Oakland Airport FS #4 14.30 D 
2000 0903   5.00 Alameda Fire Station #1 20.21 D 
2000 0903   5.00 Benicia Fire Station #1 10.25 E 
2000 0903   5.00 Danville Fire Station 17.43 D 
2000 0903   5.00 Dublin - Fire Station 24.85 D 
2000 0903   5.00 El Cerrito - Mira Vista Country 16.49 C 
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2000 0903   5.00 Foster City - Bowditch School 20.26 D 
2000 0903   5.00 Golden Gate Bridge 13.06 C 
2000 0903   5.00 Larkspur Ferry Terminal (FF) 18.50 E 
2000 0903   5.00 Napa Fire Station #3 3.28 D 
2000 0903   5.00 Novato Fire Station #1 16.17 D 
2000 0903   5.00 Novato Fire Station #4 13.05 D 
2000 0903   5.00 Petaluma Fire Station 18.88 D 
2000 0903   5.00 Petaluma Fire Station #1 15.77 D 
2000 0903   5.00 Pleasant Hill Fire Station #2 14.75 D 
2000 0903   5.00 Pleasanton Fire Station #1 23.98 D 
2000 0903   5.00 Richmond - Point Molate 12.76 C 
2000 0903   5.00 Richmond Rod & Gun Club 28.78 E 
2000 0903   5.00 San Francisco - 9th Circuit Crt 19.95 D 
2000 0903   5.00 San Francisco - Fire Station #2 14.57 D 
2000 0903   5.00 San Francisco - Marina School 13.94 D 
2000 0903   5.00 Santa Rosa Fire Station #1 19.53 D 
2000 0903   5.00 Sonoma Fire Station #1 6.08 E 
2000 0903   5.00 Vallejo Fire Station #1 9.95 C 
2001 0810   5.17 Carson City - Nevada Com College 18.57 D 
2001 0810   5.17 Martis Creek Dam (Dwn Stream) 6.22 D 
2001 0810   5.17 Martis Creek Dam (Left Abtmnt) 11.74 D 
2001 0810   5.17 Martis Creek Dam (Right Abtmnt) 9.02 D 
2001 0810   5.17 Reno - Sierra Pacific Power Co 17.98 D 
2001 0810   5.17 Silver Springs Fire Station 16.20 D 
2001 1031   4.92 Alpine Fire Station 9.90 C 
2001 1031   4.92 Anza - Pinyon Flat 2.75 C 
2001 1031   4.92 Anza - Tripp Flats Training 3.40 C 
2001 1031   4.92 Anza Fire Station 5.47 D 
2001 1031   4.92 Beaumont - 6th & Maple 16.11 C 
2001 1031   4.92 Big Bear Lake - Fire Station 11.68 D 
2001 1031   4.92 Borrego Springs - Scripps Clinic 12.90 D 
2001 1031   4.92 Cabazon 16.88 D 
2001 1031   4.92 Calexico Fire Station 23.96 D 
2001 1031   4.92 Canyon Lake Vacation Dr&San Joaq 4.83 C 
2001 1031   4.92 Coachella - 6th & Palm 16.53 D 
2001 1031   4.92 Corona - 6th & Smith 10.05 C 
2001 1031   4.92 Corona - Hwy 91 & McKinley 11.07 C 
2001 1031   4.92 El Centro - Meadows Union School 24.56 D 
2001 1031   4.92 El Centro Array #10 24.89 D 
2001 1031   4.92 El Centro Array #11 25.09 D 
2001 1031   4.92 El Centro Array #7 27.79 D 
2001 1031   4.92 Fun Valley 16.91 D 
2001 1031   4.92 Hemet - Acacia & Stanford 19.37 D 
2001 1031   4.92 Hemet - Cawston & Devonshire 12.59 D 
2001 1031   4.92 Hemet Fire Station 11.67 D 
2001 1031   4.92 Highland Fire Station 14.15 D 
2001 1031   4.92 Homeland - Hwy 74 & Sultanas 10.89 C 
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2001 1031   4.92 Hurkey Creek Park 8.71 D 
2001 1031   4.92 Idyllwild - Hwy 243 & Pine Crest 11.89 D 
2001 1031   4.92 Idyllwild - Keenwild Fire Sta. 7.61 C 
2001 1031   4.92 Idyllwild - Kenworthy Fire Sta. 4.09 B 
2001 1031   4.92 Indian Wells - Hwy111 & El Dorad 10.34 D 
2001 1031   4.92 Indio - Jackson Road 10.48 D 
2001 1031   4.92 Joshua Tree 16.04 D 
2001 1031   4.92 La Quinta - Bermudas & Durango 4.71 C 
2001 1031   4.92 Lake Elsinore - Graham & Poe 5.34 D 
2001 1031   4.92 Mecca Fire Station 30.16 C 
2001 1031   4.92 Menifee Valley - Murrieta&Scott 14.91 D 
2001 1031   4.92 Mill Creek Ranger Station 11.86 C 
2001 1031   4.92 Mira Loma - Mission&San Sevaine 8.73 C 
2001 1031   4.92 Moreno Valley - Alessandro&More 8.25 D 
2001 1031   4.92 Moreno Valley - Indian & Kennedy 14.38 D 
2001 1031   4.92 Moreno Valley - Sunny Mead & Vil 11.13 D 
2001 1031   4.92 Morongo Valley 16.46 D 
2001 1031   4.92 Mountain Center - Pine Mtn Rnch 4.76 D 
2001 1031   4.92 Niland Fire Station 21.52 D 
2001 1031   4.92 North Palm Springs Fire Sta #36 19.89 D 
2001 1031   4.92 Nuevo - 11th & McKinley 11.84 D 
2001 1031   4.92 Ocotillo Wells - Veh. Rec. Area 8.33 C 
2001 1031   4.92 Palm Desert - Country Club & Por 17.61 C 
2001 1031   4.92 Perris - San Jacinto & C Street 7.11 D 
2001 1031   4.92 Poway - City Hall Grounds 2.63 C 
2001 1031   4.92 Radec - Sage & Cottonwood School 5.62 D 
2001 1031   4.92 Rancho Mirage - G Ford & B Hope 13.97 D 
2001 1031   4.92 Reche Canyon - Olive Dell Ranch 17.94 D 
2001 1031   4.92 Riverside - Hole & La Sierra 6.39 C 
2001 1031   4.92 Riverside - Hwy 91 & Van Buren 8.17 C 
2001 1031   4.92 Riverside - Limonite & Downey 7.63 C 
2001 1031   4.92 Riverside - Van Buren&Trautwein 8.47 C 
2001 1031   4.92 Riverside Airport 4.82 C 
2001 1031   4.92 Sage - Fire Station 10.88 C 
2001 1031   4.92 San Bernardino - Del Rosa Wk Sta 7.22 C 
2001 1031   4.92 San Bernardino - Fire Sta. #10 27.01 C 
2001 1031   4.92 San Bernardino - Fire Sta. #11 25.66 D 
2001 1031   4.92 San Bernardino - Fire Sta. #4 16.93 D 
2001 1031   4.92 San Bernardino - Fire Sta. #7 12.63 D 
2001 1031   4.92 San Bernardino - Lincoln School 24.80 D 
2001 1031   4.92 San Bernardino - Mont. Mem Pk 20.92 D 
2001 1031   4.92 San Bernardino - Serrano School 15.72 D 
2001 1031   4.92 San Jacinto - MWD West Portal 25.08 D 
2001 1031   4.92 San Jacinto CDF Fire Station 25 18.77 D 
2001 1031   4.92 Seven Oaks Dam Downstream Surf. 18.28 C 
2001 1031   4.92 Sun City - I215 & McCall Blvd 11.56 D 
2001 1031   4.92 Temecula - 6th & Mercedes 17.90 C 
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2001 1031   4.92 Twentynine Palms - Two Miles&Alp 8.12 D 
2001 1031   4.92 Whitewater Trout Farm 16.67 D 
2001 1208 2336 5.70 Bonds Corner 48.57 D 
2001 1208 2336 5.70 Calexico Fire Station 57.83 D 
2001 1208 2336 5.70 Calipatria Fire Station 38.86 D 
2001 1208 2336 5.70 El Centro - Meadows Union School 66.20 D 
2001 1208 2336 5.70 El Centro Array #10 62.94 D 
2001 1208 2336 5.70 El Centro Array #11 57.47 D 
2001 1208 2336 5.70 El Centro Array #7 57.39 D 
2001 1208 2336 5.70 Holtville Post Office 77.55 D 
2001 1208 2336 5.70 Imperial Valley - Midway Well 45.83 D 
2001 1208 2336 5.70 Plaster City 27.85 D 
2001 1208 2336 5.70 Seeley School 57.88 D 
2002 0222   5.31 Brawley Airport 55.59 D 
2002 0222   5.31 Calexico Fire Station 41.75 D 
2002 0222   5.31 Calipatria Fire Station 79.42 D 
2002 0222   5.31 El Centro - Meadows Union School 52.99 D 
2002 0222   5.31 El Centro Array #10 30.81 D 
2002 0222   5.31 El Centro Array #11 22.37 D 
2002 0222   5.31 El Centro Array #7 39.84 D 
2002 0222   5.31 Holtville Post Office 62.54 D 
2002 0222   5.31 Salton Sea Wildlife Refuge 32.70 D 
2002 0514   4.90 Alameda - Oakland Airport FS #4 16.96 D 
2002 0514   4.90 Alameda Fire Station #1 15.48 D 
2002 0514   4.90 Big Sur - Hwy 1 & Pfeiffer Cyn 8.63 C 
2002 0514   4.90 Cupertino - Sunnyvale Rod & Gun 7.79 C 
2002 0514   4.90 Dublin - Fire Station 22.27 D 
2002 0514   4.90 Foster City - Bowditch School 24.18 D 
2002 0514   4.90 Fremont - Coyote Hills Park 6.86 C 
2002 0514   4.90 Fremont - Mission San Jose 8.47 C 
2002 0514   4.90 Gilroy - Gavilan Coll. 2.41 C 
2002 0514   4.90 Gilroy Array #3 4.65 D 
2002 0514   4.90 Gilroy Array #6 6.75 D 
2002 0514   4.90 Golden Gate Bridge 6.71 C 
2002 0514   4.90 Hayward Fire - Station #1 10.30 C 
2002 0514   4.90 Hollister - Airport Bldg #3 26.02 D 
2002 0514   4.90 Hollister - City Hall Annex 26.37 D 
2002 0514   4.90 Hollister - South & Pine 19.72 C 
2002 0514   4.90 Los Gatos - Los Altos Rod & Gun 12.34 C 
2002 0514   4.90 Menlo Park - USGS Bldg #11 Shop 8.01 C 
2002 0514   4.90 Menlo Park - USGS Bldg #15 FF 11.16 C 
2002 0514   4.90 Morgan Hill - El Toro Fire Sta 8.75 C 
2002 0514   4.90 Palo Alto - Fire Station #7 SLAC 9.70 C 
2002 0514   4.90 Richmond - Point Molate 7.55 C 
2002 0514   4.90 Salinas - County Hospital Gnds 16.23 D 
2002 0514   4.90 San Francisco - Fire Station #17 6.52 D 
2002 0514   4.90 San Francisco - Marina School 6.85 D 
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2002 0514   4.90 San Jose - Emory & Bellrose 11.41 D 
2002 0514   4.90 San Jose - S Clara Co Bldg Grnd 15.32 D 
2002 0514   4.90 San Jose - Weather Station 19.76 D 
2002 0514   4.90 San Juan Bautista, 24 Polk St 16.25 C 
2002 0514   4.90 Santa Clara - Hwy 237/Alviso OVP 16.80 E 
2002 0514   4.90 Santa Cruz - Co Office Bldg Gnds 9.64 D 
2002 0514   4.90 Sunnyvale - Colton Ave. 11.69 D 
2002 0514   4.90 Sunol - Forest Fire Station 7.47 C 
2002 0514   4.90 Sunol - Ohlone Wilderness Reg Pk 14.36 C 
2002 0514   4.90 Union City - Masonic Home 9.17 C 
2002 0514   4.90 Woodside - Filoli Visitor Center 9.46 C 
2002 1023   6.70 Fairbanks - Ester Fire Station 48.27 D 
2002 1023   6.70 Fairbanks - Geophysic. Obs, CIGO 34.09 C 
2002 1023   6.70 TAPS Pump Station #07 21.29 C 
2002 1023   6.70 TAPS Pump Station #08 28.47 C 
2002 1023   6.70 TAPS Pump Station #09 27.74 C 
2002 1103   7.90 Carlo (temp) 22.13 B 
2002 1103   7.90 Fairbanks - Ester Fire Station 92.79 D 
2002 1103   7.90 Fairbanks - Geophysic. Obs, CIGO 91.61 C 
2002 1103   7.90 R109 (temp) 21.16 B 
2002 1103   7.90 TAPS Pump Station #08 37.21 C 
2002 1103   7.90 TAPS Pump Station #09 98.16 C 
2002 1103   7.90 TAPS Pump Station #10 26.56 D 
2002 1103   7.90 TAPS Pump Station #11 75.15 C 
2002 1103   7.90 TAPS Pump Station #12 59.57 D 
2003 0222   4.92 Anza - Tripp Flats Training 16.05 C 
2003 0222   4.92 Cabazon 19.37 D 
2003 0222   4.92 Colton - Kaiser Medical Clinic 17.96 D 
2003 0222   4.92 Devore - Devore Water Company 12.85 C 
2003 0222   4.92 Forest Falls Post Office 7.92 D 
2003 0222   4.92 Highland Fire Station 9.59 D 
2003 0222   4.92 Indio - Jackson Road 24.28 D 
2003 0222   4.92 Leona Valley - Fire Station #1 11.30 D 
2003 0222   4.92 Loma Linda Univ Medical Center 13.61 D 
2003 0222   4.92 Los Angeles - Acosta Residence 21.46 C 
2003 0222   4.92 Mentone Fire Station #9 10.03 D 
2003 0222   4.92 Mill Creek Ranger Station 7.30 C 
2003 0222   4.92 Morongo Valley 11.08 D 
2003 0222   4.92 North Palm Springs Fire Sta #36 14.09 D 
2003 0222   4.92 Palmdale Fire Station 13.15 C 
2003 0222   4.92 Paradise Springs - Camp Office 9.89 C 
2003 0222   4.92 Pasadena - USGS/NSMP Office 17.06 C 
2003 0222   4.92 
San Bernardino - Co Service Bldg - 
Freefield 22.12 D 
2003 0222   4.92 San Bernardino - Del Rosa Wk Sta 13.71 C 
2003 0222   4.92 San Bernardino - Fire Sta. #10 20.91 D 
2003 0222   4.92 San Bernardino - Fire Sta. #11 22.78 D 
2003 0222   4.92 San Bernardino - Fire Sta. #4 19.84 D 
  194 
2003 0222   4.92 San Bernardino - Fire Sta. #7 12.42 D 
2003 0222   4.92 San Bernardino - Fire Sta. #9 17.88 D 
2003 0222   4.92 San Bernardino - Lincoln School 23.72 C 
2003 0222   4.92 San Bernardino - Mont. Mem Pk 12.64 D 
2003 0222   4.92 San Bernardino - N Verdemont Sch 10.47 C 
2003 0222   4.92 San Bernardino - Serrano School 13.11 D 
2003 0222   4.92 San Bernardino - Sycamore FS 15.71 C 
2003 0222   4.92 Seven Oaks Dam Downstream Surf. 6.58 C 
2003 0222   4.92 Seven Oaks Dam Right Abt. 8.36 C 
2003 0222   4.92 Sky Valley - Fire Station #56 16.45 D 
2003 0222   4.92 Sylmar - Fire Station #91 17.68 D 
2003 0222   4.92 Valyermo Forest Fire Station 8.51 D 
2003 0222   4.92 Whitewater Trout Farm 13.86 D 
2003 0222   4.92 Wrightwood Post Office 4.65 D 
1999 0920 1757 5.90 CHY019 12.98 D 
1999 0920 1757 5.90 CHY024 10.95 C 
1999 0920 1757 5.90 CHY025 16.81 D 
1999 0920 1757 5.90 CHY026 29.65 D 
1999 0920 1757 5.90 CHY027 16.52 D 
1999 0920 1757 5.90 CHY028 14.42 C 
1999 0920 1757 5.90 CHY029 12.45 C 
1999 0920 1757 5.90 CHY032 24.15 D 
1999 0920 1757 5.90 CHY033 24.52 D 
1999 0920 1757 5.90 CHY034 20.75 D 
1999 0920 1757 5.90 CHY035 16.93 D 
1999 0920 1757 5.90 CHY036 15.52 D 
1999 0920 1757 5.90 CHY039 23.39 D 
1999 0920 1757 5.90 CHY041 13.11 C 
1999 0920 1757 5.90 CHY042 19.85 C 
1999 0920 1757 5.90 CHY044 24.13 D 
1999 0920 1757 5.90 CHY046 18.67 C 
1999 0920 1757 5.90 CHY047 12.55 D 
1999 0920 1757 5.90 CHY050 15.59 C 
1999 0920 1757 5.90 CHY052 14.19 C 
1999 0920 1757 5.90 CHY054 22.75 E 
1999 0920 1757 5.90 CHY055 19.53 D 
1999 0920 1757 5.90 CHY057 18.18 C 
1999 0920 1757 5.90 CHY062 15.58 C 
1999 0920 1757 5.90 CHY074 13.89 C 
1999 0920 1757 5.90 CHY076 15.09 E 
1999 0920 1757 5.90 CHY079 14.42 C 
1999 0920 1757 5.90 CHY080 9.99 C 
1999 0920 1757 5.90 CHY081 19.36 C 
1999 0920 1757 5.90 CHY082 34.06 D 
1999 0920 1757 5.90 CHY086 17.21 C 
1999 0920 1757 5.90 CHY088 16.95 D 
1999 0920 1757 5.90 CHY092 25.67 D 
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1999 0920 1757 5.90 CHY093 16.18 D 
1999 0920 1757 5.90 CHY094 35.57 D 
1999 0920 1757 5.90 CHY100 21.48 D 
1999 0920 1757 5.90 CHY101 20.79 D 
1999 0920 1757 5.90 CHY102 18.02 D 
1999 0920 1757 5.90 CHY104 27.09 D 
1999 0920 1757 5.90 CHY107 20.35 E 
1999 0920 1757 5.90 CHY111 19.12 D 
1999 0920 1757 5.90 CHY112 16.35 D 
1999 0920 1757 5.90 HWA002 14.68 C 
1999 0920 1757 5.90 HWA005 22.02 D 
1999 0920 1757 5.90 HWA006 16.43 D 
1999 0920 1757 5.90 HWA007 21.67 D 
1999 0920 1757 5.90 HWA009 16.40 D 
1999 0920 1757 5.90 HWA011 23.79 D 
1999 0920 1757 5.90 HWA012 19.45 D 
1999 0920 1757 5.90 HWA013 20.58 D 
1999 0920 1757 5.90 HWA014 21.89 D 
1999 0920 1757 5.90 HWA015 16.17 D 
1999 0920 1757 5.90 HWA016 16.84 D 
1999 0920 1757 5.90 HWA017 16.65 D 
1999 0920 1757 5.90 HWA019 18.31 D 
1999 0920 1757 5.90 HWA020 13.25 C 
1999 0920 1757 5.90 HWA022 15.32 C 
1999 0920 1757 5.90 HWA023 11.62 C 
1999 0920 1757 5.90 HWA024 21.49 C 
1999 0920 1757 5.90 HWA025 12.56 C 
1999 0920 1757 5.90 HWA026 11.70 C 
1999 0920 1757 5.90 HWA027 12.91 D 
1999 0920 1757 5.90 HWA028 23.10 D 
1999 0920 1757 5.90 HWA029 18.72 C 
1999 0920 1757 5.90 HWA030 13.59 D 
1999 0920 1757 5.90 HWA031 18.56 C 
1999 0920 1757 5.90 HWA032 12.76 C 
1999 0920 1757 5.90 HWA033 15.35 C 
1999 0920 1757 5.90 HWA034 15.94 C 
1999 0920 1757 5.90 HWA035 14.08 C 
1999 0920 1757 5.90 HWA036 20.51 D 
1999 0920 1757 5.90 HWA037 22.20 D 
1999 0920 1757 5.90 HWA038 20.17 C 
1999 0920 1757 5.90 HWA039 20.25 C 
1999 0920 1757 5.90 HWA041 24.97 D 
1999 0920 1757 5.90 HWA043 19.57 D 
1999 0920 1757 5.90 HWA044 20.69 C 
1999 0920 1757 5.90 HWA045 11.75 C 
1999 0920 1757 5.90 HWA046 10.47 C 
1999 0920 1757 5.90 HWA048 19.03 D 
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1999 0920 1757 5.90 HWA049 23.26 D 
1999 0920 1757 5.90 HWA050 13.67 D 
1999 0920 1757 5.90 HWA051 16.46 D 
1999 0920 1757 5.90 HWA055 22.24 D 
1999 0920 1757 5.90 HWA056 12.81 C 
1999 0920 1757 5.90 HWA057 13.01 C 
1999 0920 1757 5.90 HWA058 14.12 C 
1999 0920 1757 5.90 HWA059 14.71 C 
1999 0920 1757 5.90 HWA060 15.96 C 
1999 0920 1757 5.90 ILA010 11.09 C 
1999 0920 1757 5.90 ILA014 18.80 D 
1999 0920 1757 5.90 ILA021 15.17 C 
1999 0920 1757 5.90 ILA024 22.82 C 
1999 0920 1757 5.90 ILA044 29.15 E 
1999 0920 1757 5.90 ILA046 14.43 C 
1999 0920 1757 5.90 ILA050 16.61 C 
1999 0920 1757 5.90 ILA051 15.97 C 
1999 0920 1757 5.90 ILA061 15.71 C 
1999 0920 1757 5.90 ILA062 22.49 C 
1999 0920 1757 5.90 ILA063 21.50 B 
1999 0920 1757 5.90 ILA064 19.49 C 
1999 0920 1757 5.90 ILA066 21.56 C 
1999 0920 1757 5.90 ILA067 12.13 C 
1999 0920 1757 5.90 KAU001 18.82 C 
1999 0920 1757 5.90 KAU050 23.23 C 
1999 0920 1757 5.90 KAU054 17.29 C 
1999 0920 1757 5.90 TCU006 16.60 C 
1999 0920 1757 5.90 TCU026 16.45 C 
1999 0920 1757 5.90 TCU029 24.67 C 
1999 0920 1757 5.90 TCU031 22.05 C 
1999 0920 1757 5.90 TCU033 21.64 C 
1999 0920 1757 5.90 TCU034 31.17 C 
1999 0920 1757 5.90 TCU035 23.76 D 
1999 0920 1757 5.90 TCU036 21.36 D 
1999 0920 1757 5.90 TCU038 17.81 C 
1999 0920 1757 5.90 TCU039 18.14 C 
1999 0920 1757 5.90 TCU040 18.23 D 
1999 0920 1757 5.90 TCU042 21.13 C 
1999 0920 1757 5.90 TCU045 16.51 C 
1999 0920 1757 5.90 TCU046 9.48 C 
1999 0920 1757 5.90 TCU048 19.38 D 
1999 0920 1757 5.90 TCU050 17.10 D 
1999 0920 1757 5.90 TCU051 18.56 C 
1999 0920 1757 5.90 TCU052 12.27 C 
1999 0920 1757 5.90 TCU053 13.33 C 
1999 0920 1757 5.90 TCU054 16.84 D 
1999 0920 1757 5.90 TCU055 13.52 D 
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1999 0920 1757 5.90 TCU056 13.19 C 
1999 0920 1757 5.90 TCU057 13.87 D 
1999 0920 1757 5.90 TCU059 13.56 D 
1999 0920 1757 5.90 TCU060 13.19 D 
1999 0920 1757 5.90 TCU061 24.52 C 
1999 0920 1757 5.90 TCU063 15.31 D 
1999 0920 1757 5.90 TCU065 11.54 C 
1999 0920 1757 5.90 TCU067 6.35 C 
1999 0920 1757 5.90 TCU068 21.34 C 
1999 0920 1757 5.90 TCU071 9.41 D 
1999 0920 1757 5.90 TCU073 6.79 C 
1999 0920 1757 5.90 TCU074 8.06 C 
1999 0920 1757 5.90 TCU075 16.80 C 
1999 0920 1757 5.90 TCU076 7.71 C 
1999 0920 1757 5.90 TCU078 10.86 C 
1999 0920 1757 5.90 TCU079 4.38 D 
1999 0920 1757 5.90 TCU082 14.24 C 
1999 0920 1757 5.90 TCU084 11.96 C 
1999 0920 1757 5.90 TCU085 18.08 B 
1999 0920 1757 5.90 TCU087 21.72 C 
1999 0920 1757 5.90 TCU088 14.07 C 
1999 0920 1757 5.90 TCU089 8.33 C 
1999 0920 1757 5.90 TCU094 20.03 C 
1999 0920 1757 5.90 TCU098 24.04 C 
1999 0920 1757 5.90 TCU100 17.28 C 
1999 0920 1757 5.90 TCU103 12.96 C 
1999 0920 1757 5.90 TCU104 12.34 C 
1999 0920 1757 5.90 TCU105 11.30 C 
1999 0920 1757 5.90 TCU106 19.46 C 
1999 0920 1757 5.90 TCU107 23.77 C 
1999 0920 1757 5.90 TCU109 21.97 C 
1999 0920 1757 5.90 TCU110 15.31 D 
1999 0920 1757 5.90 TCU111 25.47 D 
1999 0920 1757 5.90 TCU112 27.60 D 
1999 0920 1757 5.90 TCU113 36.36 D 
1999 0920 1757 5.90 TCU115 31.75 D 
1999 0920 1757 5.90 TCU116 11.69 C 
1999 0920 1757 5.90 TCU117 24.30 D 
1999 0920 1757 5.90 TCU118 31.26 D 
1999 0920 1757 5.90 TCU119 43.95 D 
1999 0920 1757 5.90 TCU120 14.25 C 
1999 0920 1757 5.90 TCU122 9.71 C 
1999 0920 1757 5.90 TCU123 22.60 D 
1999 0920 1757 5.90 TCU128 19.20 C 
1999 0920 1757 5.90 TCU129 11.24 C 
1999 0920 1757 5.90 TCU131 20.57 D 
1999 0920 1757 5.90 TCU136 14.41 C 
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1999 0920 1757 5.90 TCU137 6.53 C 
1999 0920 1757 5.90 TCU138 13.01 C 
1999 0920 1757 5.90 TCU140 38.94 D 
1999 0920 1757 5.90 TCU141 27.54 D 
1999 0920 1757 5.90 TCU145 40.82 D 
1999 0920 1757 5.90 TCU147 17.35 C 
1999 0920 1757 5.90 TTN001 24.21 D 
1999 0920 1757 5.90 TTN014 20.62 D 
1999 0920 1757 5.90 TTN020 19.32 D 
1999 0920 1757 5.90 TTN022 28.12 D 
1999 0920 1757 5.90 TTN023 26.28 C 
1999 0920 1757 5.90 TTN024 23.88 C 
1999 0920 1757 5.90 TTN031 23.02 D 
1999 0920 1757 5.90 TTN032 22.18 C 
1999 0920 1757 5.90 TTN033 21.84 D 
1999 0920 1757 5.90 TTN040 21.94 C 
1999 0920 1757 5.90 TTN041 20.70 C 
1999 0920 1757 5.90 TTN042 23.01 B 
1999 0920 1757 5.90 TTN044 27.90 C 
1999 0920 1757 5.90 TTN045 22.26 D 
1999 0920 1757 5.90 TTN051 22.24 C 
1999 0920 1803 6.20 CHY015 31.15 D 
1999 0920 1803 6.20 CHY016 127.95 D 
1999 0920 1803 6.20 CHY017 45.73 D 
1999 0920 1803 6.20 CHY019 18.60 C 
1999 0920 1803 6.20 CHY022 21.68 C 
1999 0920 1803 6.20 CHY024 10.57 C 
1999 0920 1803 6.20 CHY025 19.57 D 
1999 0920 1803 6.20 CHY026 40.25 D 
1999 0920 1803 6.20 CHY027 66.05 D 
1999 0920 1803 6.20 CHY028 10.48 C 
1999 0920 1803 6.20 CHY029 19.90 C 
1999 0920 1803 6.20 CHY032 48.44 D 
1999 0920 1803 6.20 CHY033 49.57 D 
1999 0920 1803 6.20 CHY034 18.90 C 
1999 0920 1803 6.20 CHY035 11.11 C 
1999 0920 1803 6.20 CHY036 21.93 D 
1999 0920 1803 6.20 CHY039 37.20 D 
1999 0920 1803 6.20 CHY041 14.24 C 
1999 0920 1803 6.20 CHY042 13.27 C 
1999 0920 1803 6.20 CHY044 40.54 D 
1999 0920 1803 6.20 CHY046 26.64 C 
1999 0920 1803 6.20 CHY047 29.92 D 
1999 0920 1803 6.20 CHY050 21.00 C 
1999 0920 1803 6.20 CHY052 15.26 C 
1999 0920 1803 6.20 CHY054 38.44 E 
1999 0920 1803 6.20 CHY055 36.94 D 
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1999 0920 1803 6.20 CHY056 66.26 D 
1999 0920 1803 6.20 CHY057 19.23 C 
1999 0920 1803 6.20 CHY058 28.04 D 
1999 0920 1803 6.20 CHY060 38.01 D 
1999 0920 1803 6.20 CHY061 19.80 C 
1999 0920 1803 6.20 CHY062 18.74 C 
1999 0920 1803 6.20 CHY063 24.76 D 
1999 0920 1803 6.20 CHY074 13.83 C 
1999 0920 1803 6.20 CHY076 64.34 E 
1999 0920 1803 6.20 CHY078 27.63 E 
1999 0920 1803 6.20 CHY079 16.85 C 
1999 0920 1803 6.20 CHY080 3.97 C 
1999 0920 1803 6.20 CHY081 15.89 C 
1999 0920 1803 6.20 CHY082 61.84 D 
1999 0920 1803 6.20 CHY086 9.10 C 
1999 0920 1803 6.20 CHY087 16.73 C 
1999 0920 1803 6.20 CHY088 25.29 D 
1999 0920 1803 6.20 CHY090 52.50 D 
1999 0920 1803 6.20 CHY093 98.29 D 
1999 0920 1803 6.20 CHY094 55.44 D 
1999 0920 1803 6.20 CHY099 40.11 D 
1999 0920 1803 6.20 CHY100 28.71 D 
1999 0920 1803 6.20 CHY101 16.93 D 
1999 0920 1803 6.20 CHY102 17.05 C 
1999 0920 1803 6.20 CHY104 34.26 D 
1999 0920 1803 6.20 CHY107 41.38 E 
1999 0920 1803 6.20 CHY115 81.28 D 
1999 0920 1803 6.20 HWA002 22.02 C 
1999 0920 1803 6.20 HWA005 30.06 D 
1999 0920 1803 6.20 HWA006 17.53 D 
1999 0920 1803 6.20 HWA009 22.99 D 
1999 0920 1803 6.20 HWA011 29.33 D 
1999 0920 1803 6.20 HWA012 20.08 D 
1999 0920 1803 6.20 HWA013 46.77 D 
1999 0920 1803 6.20 HWA014 28.05 D 
1999 0920 1803 6.20 HWA015 24.15 D 
1999 0920 1803 6.20 HWA016 22.13 D 
1999 0920 1803 6.20 HWA017 22.35 D 
1999 0920 1803 6.20 HWA019 21.78 D 
1999 0920 1803 6.20 HWA020 22.24 C 
1999 0920 1803 6.20 HWA022 27.85 C 
1999 0920 1803 6.20 HWA024 19.34 C 
1999 0920 1803 6.20 HWA025 24.20 C 
1999 0920 1803 6.20 HWA027 27.61 D 
1999 0920 1803 6.20 HWA028 29.59 D 
1999 0920 1803 6.20 HWA029 19.32 C 
1999 0920 1803 6.20 HWA030 18.09 D 
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1999 0920 1803 6.20 HWA031 27.76 C 
1999 0920 1803 6.20 HWA032 30.31 C 
1999 0920 1803 6.20 HWA033 28.41 C 
1999 0920 1803 6.20 HWA034 24.78 C 
1999 0920 1803 6.20 HWA035 22.04 C 
1999 0920 1803 6.20 HWA036 24.35 D 
1999 0920 1803 6.20 HWA037 29.35 D 
1999 0920 1803 6.20 HWA038 21.83 C 
1999 0920 1803 6.20 HWA039 18.27 D 
1999 0920 1803 6.20 HWA041 23.86 C 
1999 0920 1803 6.20 HWA043 22.43 D 
1999 0920 1803 6.20 HWA044 21.93 C 
1999 0920 1803 6.20 HWA046 22.32 C 
1999 0920 1803 6.20 HWA048 31.65 C 
1999 0920 1803 6.20 HWA049 31.29 D 
1999 0920 1803 6.20 HWA050 20.47 D 
1999 0920 1803 6.20 HWA051 28.62 D 
1999 0920 1803 6.20 HWA056 24.63 D 
1999 0920 1803 6.20 HWA057 29.62 C 
1999 0920 1803 6.20 HWA058 22.54 C 
1999 0920 1803 6.20 HWA059 28.21 C 
1999 0920 1803 6.20 ILA067 24.57 C 
1999 0920 1803 6.20 KAU001 14.97 C 
1999 0920 1803 6.20 KAU020 24.58 C 
1999 0920 1803 6.20 KAU050 18.95 C 
1999 0920 1803 6.20 KAU054 15.16 C 
1999 0920 1803 6.20 KAU069 26.00 C 
1999 0920 1803 6.20 TCU029 27.32 C 
1999 0920 1803 6.20 TCU031 23.82 C 
1999 0920 1803 6.20 TCU032 55.80 D 
1999 0920 1803 6.20 TCU033 15.13 C 
1999 0920 1803 6.20 TCU034 37.12 C 
1999 0920 1803 6.20 TCU035 25.46 C 
1999 0920 1803 6.20 TCU036 23.16 D 
1999 0920 1803 6.20 TCU038 58.16 D 
1999 0920 1803 6.20 TCU039 45.50 C 
1999 0920 1803 6.20 TCU040 52.68 C 
1999 0920 1803 6.20 TCU042 46.39 D 
1999 0920 1803 6.20 TCU045 26.42 C 
1999 0920 1803 6.20 TCU046 18.88 C 
1999 0920 1803 6.20 TCU047 53.33 C 
1999 0920 1803 6.20 TCU048 19.03 C 
1999 0920 1803 6.20 TCU049 61.50 C 
1999 0920 1803 6.20 TCU050 62.23 D 
1999 0920 1803 6.20 TCU051 62.39 D 
1999 0920 1803 6.20 TCU052 60.98 C 
1999 0920 1803 6.20 TCU053 60.51 C 
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1999 0920 1803 6.20 TCU054 13.20 C 
1999 0920 1803 6.20 TCU056 62.85 D 
1999 0920 1803 6.20 TCU057 63.82 C 
1999 0920 1803 6.20 TCU059 65.05 D 
1999 0920 1803 6.20 TCU060 61.99 D 
1999 0920 1803 6.20 TCU061 62.71 D 
1999 0920 1803 6.20 TCU063 65.35 C 
1999 0920 1803 6.20 TCU064 18.09 D 
1999 0920 1803 6.20 TCU065 39.04 C 
1999 0920 1803 6.20 TCU067 61.49 C 
1999 0920 1803 6.20 TCU068 58.49 C 
1999 0920 1803 6.20 TCU070 18.84 C 
1999 0920 1803 6.20 TCU071 13.25 C 
1999 0920 1803 6.20 TCU072 23.21 C 
1999 0920 1803 6.20 TCU073 26.22 D 
1999 0920 1803 6.20 TCU074 20.69 C 
1999 0920 1803 6.20 TCU075 12.02 C 
1999 0920 1803 6.20 TCU076 6.29 C 
1999 0920 1803 6.20 TCU078 10.09 C 
1999 0920 1803 6.20 TCU079 14.94 C 
1999 0920 1803 6.20 TCU082 10.84 C 
1999 0920 1803 6.20 TCU084 18.36 C 
1999 0920 1803 6.20 TCU087 21.29 C 
1999 0920 1803 6.20 TCU089 14.96 C 
1999 0920 1803 6.20 TCU095 25.59 C 
1999 0920 1803 6.20 TCU098 24.71 C 
1999 0920 1803 6.20 TCU100 62.28 C 
1999 0920 1803 6.20 TCU102 23.30 C 
1999 0920 1803 6.20 TCU103 20.73 C 
1999 0920 1803 6.20 TCU104 61.92 C 
1999 0920 1803 6.20 TCU105 64.73 C 
1999 0920 1803 6.20 TCU106 66.51 C 
1999 0920 1803 6.20 TCU107 51.59 C 
1999 0920 1803 6.20 TCU109 68.94 C 
1999 0920 1803 6.20 TCU112 27.57 D 
1999 0920 1803 6.20 TCU113 47.40 D 
1999 0920 1803 6.20 TCU115 41.14 D 
1999 0920 1803 6.20 TCU116 11.72 C 
1999 0920 1803 6.20 TCU117 63.66 D 
1999 0920 1803 6.20 TCU118 56.33 D 
1999 0920 1803 6.20 TCU119 57.91 D 
1999 0920 1803 6.20 TCU120 46.78 C 
1999 0920 1803 6.20 TCU122 10.55 C 
1999 0920 1803 6.20 TCU123 49.38 D 
1999 0920 1803 6.20 TCU128 22.47 C 
1999 0920 1803 6.20 TCU129 13.15 C 
1999 0920 1803 6.20 TCU131 23.34 D 
  202 
1999 0920 1803 6.20 TCU136 19.45 C 
1999 0920 1803 6.20 TCU138 8.85 C 
1999 0920 1803 6.20 TCU140 55.43 D 
1999 0920 1803 6.20 TCU141 28.51 D 
1999 0920 1803 6.20 TCU145 51.48 D 
1999 0920 1803 6.20 TTN001 28.17 D 
1999 0920 1803 6.20 TTN004 27.87 D 
1999 0920 1803 6.20 TTN014 24.11 D 
1999 0920 1803 6.20 TTN020 19.65 D 
1999 0920 1803 6.20 TTN022 28.77 D 
1999 0920 1803 6.20 TTN024 22.68 C 
1999 0920 1803 6.20 TTN025 27.69 C 
1999 0920 1803 6.20 TTN031 25.99 D 
1999 0920 1803 6.20 TTN032 24.28 C 
1999 0920 1803 6.20 TTN033 25.18 D 
1999 0920 1803 6.20 TTN040 18.18 C 
1999 0920 1803 6.20 TTN041 23.96 C 
1999 0920 1803 6.20 TTN042 25.00 B 
1999 0920 1803 6.20 TTN044 36.25 C 
1999 0920 1803 6.20 TTN045 20.64 D 
1999 0920 1803 6.20 TTN046 26.18 D 
1999 0920 1803 6.20 TTN051 23.23 C 
1999 0920 2146 6.20 CHY015 25.68 D 
1999 0920 2146 6.20 CHY016 59.87 D 
1999 0920 2146 6.20 CHY017 43.47 D 
1999 0920 2146 6.20 CHY019 16.38 C 
1999 0920 2146 6.20 CHY022 22.41 C 
1999 0920 2146 6.20 CHY024 14.61 C 
1999 0920 2146 6.20 CHY025 22.08 D 
1999 0920 2146 6.20 CHY026 43.08 D 
1999 0920 2146 6.20 CHY027 50.90 D 
1999 0920 2146 6.20 CHY028 11.23 C 
1999 0920 2146 6.20 CHY029 20.54 C 
1999 0920 2146 6.20 CHY030 31.34 D 
1999 0920 2146 6.20 CHY032 36.83 D 
1999 0920 2146 6.20 CHY033 45.37 D 
1999 0920 2146 6.20 CHY034 16.64 C 
1999 0920 2146 6.20 CHY035 10.87 C 
1999 0920 2146 6.20 CHY036 25.52 D 
1999 0920 2146 6.20 CHY039 36.44 D 
1999 0920 2146 6.20 CHY042 10.45 C 
1999 0920 2146 6.20 CHY044 27.16 D 
1999 0920 2146 6.20 CHY046 14.81 C 
1999 0920 2146 6.20 CHY047 16.53 D 
1999 0920 2146 6.20 CHY050 20.93 C 
1999 0920 2146 6.20 CHY052 14.27 C 
1999 0920 2146 6.20 CHY054 38.94 E 
  203 
1999 0920 2146 6.20 CHY055 40.44 D 
1999 0920 2146 6.20 CHY056 34.93 D 
1999 0920 2146 6.20 CHY057 21.45 C 
1999 0920 2146 6.20 CHY058 27.99 D 
1999 0920 2146 6.20 CHY059 34.78 D 
1999 0920 2146 6.20 CHY060 45.27 D 
1999 0920 2146 6.20 CHY061 22.10 C 
1999 0920 2146 6.20 CHY062 16.05 C 
1999 0920 2146 6.20 CHY063 27.76 D 
1999 0920 2146 6.20 CHY065 29.89 D 
1999 0920 2146 6.20 CHY066 55.80 D 
1999 0920 2146 6.20 CHY067 35.07 D 
1999 0920 2146 6.20 CHY069 29.99 D 
1999 0920 2146 6.20 CHY070 35.63 D 
1999 0920 2146 6.20 CHY071 38.36 D 
1999 0920 2146 6.20 CHY074 6.86 C 
1999 0920 2146 6.20 CHY076 40.24 D 
1999 0920 2146 6.20 CHY078 27.08 D 
1999 0920 2146 6.20 CHY079 18.56 C 
1999 0920 2146 6.20 CHY080 11.94 C 
1999 0920 2146 6.20 CHY081 20.15 C 
1999 0920 2146 6.20 CHY082 44.44 D 
1999 0920 2146 6.20 CHY086 9.44 C 
1999 0920 2146 6.20 CHY087 13.34 C 
1999 0920 2146 6.20 CHY088 20.86 D 
1999 0920 2146 6.20 CHY090 39.81 D 
1999 0920 2146 6.20 CHY092 28.34 D 
1999 0920 2146 6.20 CHY093 74.86 D 
1999 0920 2146 6.20 CHY094 60.91 D 
1999 0920 2146 6.20 CHY096 39.77 D 
1999 0920 2146 6.20 CHY099 41.24 D 
1999 0920 2146 6.20 CHY100 26.95 D 
1999 0920 2146 6.20 CHY101 16.99 D 
1999 0920 2146 6.20 CHY102 14.42 C 
1999 0920 2146 6.20 CHY104 36.57 D 
1999 0920 2146 6.20 CHY107 40.49 E 
1999 0920 2146 6.20 CHY114 68.90 D 
1999 0920 2146 6.20 CHY115 42.04 D 
1999 0920 2146 6.20 CHY116 72.93 D 
1999 0920 2146 6.20 HWA002 19.53 C 
1999 0920 2146 6.20 HWA005 30.85 D 
1999 0920 2146 6.20 HWA006 16.94 D 
1999 0920 2146 6.20 HWA007 25.98 D 
1999 0920 2146 6.20 HWA009 25.84 D 
1999 0920 2146 6.20 HWA011 29.84 D 
1999 0920 2146 6.20 HWA013 29.15 D 
1999 0920 2146 6.20 HWA014 28.77 D 
  204 
1999 0920 2146 6.20 HWA015 22.49 D 
1999 0920 2146 6.20 HWA016 19.74 D 
1999 0920 2146 6.20 HWA017 21.95 D 
1999 0920 2146 6.20 HWA019 27.63 D 
1999 0920 2146 6.20 HWA020 19.50 C 
1999 0920 2146 6.20 HWA024 20.40 C 
1999 0920 2146 6.20 HWA026 23.54 C 
1999 0920 2146 6.20 HWA027 23.42 D 
1999 0920 2146 6.20 HWA028 31.35 D 
1999 0920 2146 6.20 HWA029 22.61 C 
1999 0920 2146 6.20 HWA030 18.46 D 
1999 0920 2146 6.20 HWA031 19.45 C 
1999 0920 2146 6.20 HWA032 20.74 C 
1999 0920 2146 6.20 HWA033 18.80 C 
1999 0920 2146 6.20 HWA034 17.54 C 
1999 0920 2146 6.20 HWA035 17.40 C 
1999 0920 2146 6.20 HWA036 23.89 D 
1999 0920 2146 6.20 HWA037 28.09 D 
1999 0920 2146 6.20 HWA038 22.20 C 
1999 0920 2146 6.20 HWA039 22.16 C 
1999 0920 2146 6.20 HWA041 25.88 D 
1999 0920 2146 6.20 HWA043 21.00 D 
1999 0920 2146 6.20 HWA044 20.56 C 
1999 0920 2146 6.20 HWA048 33.59 D 
1999 0920 2146 6.20 HWA049 36.58 D 
1999 0920 2146 6.20 HWA050 23.25 D 
1999 0920 2146 6.20 HWA051 25.84 D 
1999 0920 2146 6.20 HWA055 25.90 D 
1999 0920 2146 6.20 HWA056 26.60 C 
1999 0920 2146 6.20 HWA058 20.60 C 
1999 0920 2146 6.20 HWA059 23.35 C 
1999 0920 2146 6.20 KAU001 19.20 C 
1999 0920 2146 6.20 KAU012 32.95 C 
1999 0920 2146 6.20 KAU018 32.57 C 
1999 0920 2146 6.20 KAU020 33.40 C 
1999 0920 2146 6.20 KAU048 36.48 D 
1999 0920 2146 6.20 KAU050 11.60 C 
1999 0920 2146 6.20 KAU054 11.63 C 
1999 0920 2146 6.20 KAU063 41.67 D 
1999 0920 2146 6.20 KAU069 20.18 C 
1999 0920 2146 6.20 KAU077 23.04 C 
1999 0920 2146 6.20 KAU078 21.20 C 
1999 0920 2146 6.20 KAU085 38.80 D 
1999 0920 2146 6.20 TCU029 32.28 C 
1999 0920 2146 6.20 TCU031 29.53 C 
1999 0920 2146 6.20 TCU036 27.94 D 
1999 0920 2146 6.20 TCU038 28.94 D 
  205 
1999 0920 2146 6.20 TCU039 27.36 C 
1999 0920 2146 6.20 TCU040 28.72 C 
1999 0920 2146 6.20 TCU042 27.32 D 
1999 0920 2146 6.20 TCU046 24.10 C 
1999 0920 2146 6.20 TCU048 32.53 C 
1999 0920 2146 6.20 TCU049 27.96 C 
1999 0920 2146 6.20 TCU050 25.99 D 
1999 0920 2146 6.20 TCU051 28.83 D 
1999 0920 2146 6.20 TCU052 29.01 C 
1999 0920 2146 6.20 TCU053 26.75 C 
1999 0920 2146 6.20 TCU054 27.60 C 
1999 0920 2146 6.20 TCU056 25.93 D 
1999 0920 2146 6.20 TCU057 30.74 C 
1999 0920 2146 6.20 TCU059 30.66 D 
1999 0920 2146 6.20 TCU060 28.24 D 
1999 0920 2146 6.20 TCU061 32.34 D 
1999 0920 2146 6.20 TCU064 29.97 D 
1999 0920 2146 6.20 TCU067 24.63 C 
1999 0920 2146 6.20 TCU068 30.82 C 
1999 0920 2146 6.20 TCU070 39.59 C 
1999 0920 2146 6.20 TCU082 25.44 C 
1999 0920 2146 6.20 TCU084 16.46 C 
1999 0920 2146 6.20 TCU087 31.83 C 
1999 0920 2146 6.20 TCU089 16.47 C 
1999 0920 2146 6.20 TCU100 28.48 C 
1999 0920 2146 6.20 TCU102 27.08 C 
1999 0920 2146 6.20 TCU103 20.63 C 
1999 0920 2146 6.20 TCU104 30.88 C 
1999 0920 2146 6.20 TCU105 34.04 C 
1999 0920 2146 6.20 TCU106 34.51 C 
1999 0920 2146 6.20 TCU107 31.97 C 
1999 0920 2146 6.20 TCU109 33.74 C 
1999 0920 2146 6.20 TCU110 23.26 D 
1999 0920 2146 6.20 TCU112 47.79 D 
1999 0920 2146 6.20 TCU113 32.41 D 
1999 0920 2146 6.20 TCU115 33.01 D 
1999 0920 2146 6.20 TCU116 12.10 C 
1999 0920 2146 6.20 TCU117 40.38 D 
1999 0920 2146 6.20 TCU118 29.90 D 
1999 0920 2146 6.20 TCU119 37.69 D 
1999 0920 2146 6.20 TCU120 22.98 C 
1999 0920 2146 6.20 TCU122 13.76 C 
1999 0920 2146 6.20 TCU123 30.77 D 
1999 0920 2146 6.20 TCU136 30.86 C 
1999 0920 2146 6.20 TCU138 18.27 C 
1999 0920 2146 6.20 TCU140 54.10 D 
1999 0920 2146 6.20 TCU141 32.39 D 
  206 
1999 0920 2146 6.20 TCU145 52.33 D 
1999 0920 2146 6.20 TTN001 23.40 D 
1999 0920 2146 6.20 TTN002 24.99 C 
1999 0920 2146 6.20 TTN003 24.38 D 
1999 0920 2146 6.20 TTN004 26.88 D 
1999 0920 2146 6.20 TTN005 27.77 C 
1999 0920 2146 6.20 TTN006 26.07 D 
1999 0920 2146 6.20 TTN007 25.40 D 
1999 0920 2146 6.20 TTN008 20.04 D 
1999 0920 2146 6.20 TTN009 31.16 D 
1999 0920 2146 6.20 TTN010 26.16 D 
1999 0920 2146 6.20 TTN012 25.22 D 
1999 0920 2146 6.20 TTN014 18.07 D 
1999 0920 2146 6.20 TTN015 25.78 D 
1999 0920 2146 6.20 TTN018 21.96 C 
1999 0920 2146 6.20 TTN020 18.74 D 
1999 0920 2146 6.20 TTN022 21.23 D 
1999 0920 2146 6.20 TTN023 28.77 C 
1999 0920 2146 6.20 TTN024 18.97 C 
1999 0920 2146 6.20 TTN025 20.89 C 
1999 0920 2146 6.20 TTN026 20.69 C 
1999 0920 2146 6.20 TTN027 23.60 C 
1999 0920 2146 6.20 TTN028 22.64 C 
1999 0920 2146 6.20 TTN031 27.06 D 
1999 0920 2146 6.20 TTN032 19.38 C 
1999 0920 2146 6.20 TTN033 25.05 D 
1999 0920 2146 6.20 TTN036 23.83 C 
1999 0920 2146 6.20 TTN040 14.27 C 
1999 0920 2146 6.20 TTN041 10.77 C 
1999 0920 2146 6.20 TTN042 16.98 E 
1999 0920 2146 6.20 TTN044 25.35 C 
1999 0920 2146 6.20 TTN045 25.14 D 
1999 0920 2146 6.20 TTN046 17.49 C 
1999 0920 2146 6.20 TTN048 28.31 D 
1999 0920 2146 6.20 TTN050 18.72 C 
1999 0920 2146 6.20 TTN051 10.22 C 
1999 0922 0014 6.20 CHY014 11.96 C 
1999 0922 0014 6.20 CHY015 27.35 D 
1999 0922 0014 6.20 CHY019 15.17 C 
1999 0922 0014 6.20 CHY024 8.80 C 
1999 0922 0014 6.20 CHY025 14.11 D 
1999 0922 0014 6.20 CHY026 25.49 D 
1999 0922 0014 6.20 CHY027 18.13 D 
1999 0922 0014 6.20 CHY029 18.74 C 
1999 0922 0014 6.20 CHY030 22.47 D 
1999 0922 0014 6.20 CHY032 30.95 D 
1999 0922 0014 6.20 CHY033 34.84 D 
  207 
1999 0922 0014 6.20 CHY035 15.79 C 
1999 0922 0014 6.20 CHY039 27.15 D 
1999 0922 0014 6.20 CHY042 16.96 C 
1999 0922 0014 6.20 CHY046 21.43 C 
1999 0922 0014 6.20 CHY047 14.52 D 
1999 0922 0014 6.20 CHY050 22.75 C 
1999 0922 0014 6.20 CHY052 11.14 C 
1999 0922 0014 6.20 CHY054 33.08 D 
1999 0922 0014 6.20 CHY055 30.46 D 
1999 0922 0014 6.20 CHY057 12.46 C 
1999 0922 0014 6.20 CHY061 19.77 C 
1999 0922 0014 6.20 CHY062 16.41 C 
1999 0922 0014 6.20 CHY076 17.18 E 
1999 0922 0014 6.20 CHY079 14.30 C 
1999 0922 0014 6.20 CHY081 20.70 C 
1999 0922 0014 6.20 CHY082 21.63 D 
1999 0922 0014 6.20 CHY086 18.63 C 
1999 0922 0014 6.20 CHY087 17.13 C 
1999 0922 0014 6.20 CHY088 18.82 D 
1999 0922 0014 6.20 CHY093 27.05 D 
1999 0922 0014 6.20 CHY094 31.55 D 
1999 0922 0014 6.20 CHY100 28.32 D 
1999 0922 0014 6.20 CHY102 18.24 C 
1999 0922 0014 6.20 CHY107 38.79 E 
1999 0922 0014 6.20 CHY111 15.79 D 
1999 0922 0014 6.20 HWA002 20.25 C 
1999 0922 0014 6.20 HWA003 18.00 A 
1999 0922 0014 6.20 HWA005 21.27 D 
1999 0922 0014 6.20 HWA007 20.61 D 
1999 0922 0014 6.20 HWA009 15.55 D 
1999 0922 0014 6.20 HWA011 18.20 D 
1999 0922 0014 6.20 HWA012 20.11 D 
1999 0922 0014 6.20 HWA013 19.78 D 
1999 0922 0014 6.20 HWA014 19.81 D 
1999 0922 0014 6.20 HWA015 18.90 D 
1999 0922 0014 6.20 HWA016 17.00 D 
1999 0922 0014 6.20 HWA017 15.61 D 
1999 0922 0014 6.20 HWA019 10.62 D 
1999 0922 0014 6.20 HWA020 17.03 C 
1999 0922 0014 6.20 HWA022 23.02 C 
1999 0922 0014 6.20 HWA023 18.02 C 
1999 0922 0014 6.20 HWA024 16.38 C 
1999 0922 0014 6.20 HWA025 18.37 C 
1999 0922 0014 6.20 HWA026 14.15 C 
1999 0922 0014 6.20 HWA027 14.91 D 
1999 0922 0014 6.20 HWA028 23.06 D 
1999 0922 0014 6.20 HWA029 15.14 C 
  208 
1999 0922 0014 6.20 HWA030 17.12 D 
1999 0922 0014 6.20 HWA031 15.90 C 
1999 0922 0014 6.20 HWA032 17.03 C 
1999 0922 0014 6.20 HWA033 16.73 C 
1999 0922 0014 6.20 HWA034 16.43 C 
1999 0922 0014 6.20 HWA035 14.93 C 
1999 0922 0014 6.20 HWA036 21.84 D 
1999 0922 0014 6.20 HWA037 23.39 D 
1999 0922 0014 6.20 HWA038 16.56 C 
1999 0922 0014 6.20 HWA039 14.82 C 
1999 0922 0014 6.20 HWA041 19.45 D 
1999 0922 0014 6.20 HWA043 17.44 D 
1999 0922 0014 6.20 HWA044 19.53 C 
1999 0922 0014 6.20 HWA045 16.78 C 
1999 0922 0014 6.20 HWA046 20.59 C 
1999 0922 0014 6.20 HWA048 11.42 D 
1999 0922 0014 6.20 HWA049 20.88 D 
1999 0922 0014 6.20 HWA050 16.56 D 
1999 0922 0014 6.20 HWA051 18.84 D 
1999 0922 0014 6.20 HWA056 17.61 C 
1999 0922 0014 6.20 HWA057 21.07 C 
1999 0922 0014 6.20 HWA058 17.23 C 
1999 0922 0014 6.20 HWA059 15.35 C 
1999 0922 0014 6.20 HWA060 19.79 C 
1999 0922 0014 6.20 ILA024 23.37 C 
1999 0922 0014 6.20 ILA062 21.97 C 
1999 0922 0014 6.20 ILA064 20.43 C 
1999 0922 0014 6.20 ILA066 21.63 C 
1999 0922 0014 6.20 KAU001 16.31 C 
1999 0922 0014 6.20 KAU050 17.18 C 
1999 0922 0014 6.20 KAU054 10.35 C 
1999 0922 0014 6.20 TCU026 20.30 C 
1999 0922 0014 6.20 TCU029 19.83 C 
1999 0922 0014 6.20 TCU031 23.44 C 
1999 0922 0014 6.20 TCU033 17.95 C 
1999 0922 0014 6.20 TCU036 18.23 D 
1999 0922 0014 6.20 TCU038 18.40 D 
1999 0922 0014 6.20 TCU039 21.65 C 
1999 0922 0014 6.20 TCU040 15.98 D 
1999 0922 0014 6.20 TCU042 18.20 D 
1999 0922 0014 6.20 TCU044 20.30 C 
1999 0922 0014 6.20 TCU045 12.95 C 
1999 0922 0014 6.20 TCU046 15.40 C 
1999 0922 0014 6.20 TCU048 17.50 C 
1999 0922 0014 6.20 TCU049 18.54 C 
1999 0922 0014 6.20 TCU050 9.89 D 
1999 0922 0014 6.20 TCU051 13.02 D 
  209 
1999 0922 0014 6.20 TCU052 18.99 C 
1999 0922 0014 6.20 TCU053 17.00 C 
1999 0922 0014 6.20 TCU054 18.11 C 
1999 0922 0014 6.20 TCU055 11.15 D 
1999 0922 0014 6.20 TCU056 13.01 D 
1999 0922 0014 6.20 TCU057 12.66 C 
1999 0922 0014 6.20 TCU059 15.79 D 
1999 0922 0014 6.20 TCU060 17.50 D 
1999 0922 0014 6.20 TCU061 16.86 D 
1999 0922 0014 6.20 TCU064 15.30 D 
1999 0922 0014 6.20 TCU067 13.38 C 
1999 0922 0014 6.20 TCU068 21.54 C 
1999 0922 0014 6.20 TCU070 19.33 C 
1999 0922 0014 6.20 TCU082 14.96 C 
1999 0922 0014 6.20 TCU085 23.87 B 
1999 0922 0014 6.20 TCU087 21.12 C 
1999 0922 0014 6.20 TCU094 28.35 C 
1999 0922 0014 6.20 TCU095 22.40 C 
1999 0922 0014 6.20 TCU098 21.73 D 
1999 0922 0014 6.20 TCU101 15.07 D 
1999 0922 0014 6.20 TCU102 22.35 C 
1999 0922 0014 6.20 TCU103 11.25 C 
1999 0922 0014 6.20 TCU104 17.26 C 
1999 0922 0014 6.20 TCU105 13.09 C 
1999 0922 0014 6.20 TCU106 18.32 C 
1999 0922 0014 6.20 TCU107 23.44 C 
1999 0922 0014 6.20 TCU109 17.33 C 
1999 0922 0014 6.20 TCU112 16.42 C 
1999 0922 0014 6.20 TCU113 17.30 D 
1999 0922 0014 6.20 TCU115 24.60 D 
1999 0922 0014 6.20 TCU117 23.02 D 
1999 0922 0014 6.20 TCU118 23.25 D 
1999 0922 0014 6.20 TCU119 18.62 D 
1999 0922 0014 6.20 TCU123 21.10 D 
1999 0922 0014 6.20 TCU128 16.32 C 
1999 0922 0014 6.20 TCU129 13.91 C 
1999 0922 0014 6.20 TCU131 17.63 D 
1999 0922 0014 6.20 TCU136 16.03 C 
1999 0922 0014 6.20 TCU138 12.14 C 
1999 0922 0014 6.20 TCU140 16.28 D 
1999 0922 0014 6.20 TCU141 15.89 D 
1999 0922 0014 6.20 TCU145 19.14 D 
1999 0922 0014 6.20 TTN001 21.65 D 
1999 0922 0014 6.20 TTN002 21.38 C 
1999 0922 0014 6.20 TTN004 19.29 D 
1999 0922 0014 6.20 TTN014 21.07 D 
1999 0922 0014 6.20 TTN020 19.67 D 
  210 
1999 0922 0014 6.20 TTN022 17.09 D 
1999 0922 0014 6.20 TTN023 29.92 C 
1999 0922 0014 6.20 TTN025 21.74 D 
1999 0922 0014 6.20 TTN026 11.68 C 
1999 0922 0014 6.20 TTN031 21.97 C 
1999 0922 0014 6.20 TTN032 21.30 C 
1999 0922 0014 6.20 TTN033 21.20 C 
1999 0922 0014 6.20 TTN040 18.17 C 
1999 0922 0014 6.20 TTN041 13.24 C 
1999 0922 0014 6.20 TTN042 22.21 B 
1999 0922 0014 6.20 TTN044 23.91 C 
1999 0922 0014 6.20 TTN045 23.96 D 
1999 0922 0014 6.20 TTN046 15.43 D 
1999 0922 0014 6.20 TTN051 14.77 D 
1999 0925 2352 6.30 CHY014 11.41 D 
1999 0925 2352 6.30 CHY015 22.92 D 
1999 0925 2352 6.30 CHY016 61.40 D 
1999 0925 2352 6.30 CHY017 43.10 C 
1999 0925 2352 6.30 CHY019 15.94 C 
1999 0925 2352 6.30 CHY022 17.52 D 
1999 0925 2352 6.30 CHY024 13.71 C 
1999 0925 2352 6.30 CHY025 16.49 C 
1999 0925 2352 6.30 CHY026 39.26 D 
1999 0925 2352 6.30 CHY027 35.85 D 
1999 0925 2352 6.30 CHY028 11.19 C 
1999 0925 2352 6.30 CHY029 18.05 C 
1999 0925 2352 6.30 CHY030 29.24 D 
1999 0925 2352 6.30 CHY032 31.83 D 
1999 0925 2352 6.30 CHY033 39.95 D 
1999 0925 2352 6.30 CHY034 16.38 C 
1999 0925 2352 6.30 CHY035 11.37 D 
1999 0925 2352 6.30 CHY036 22.42 D 
1999 0925 2352 6.30 CHY037 32.80 D 
1999 0925 2352 6.30 CHY039 35.70 D 
1999 0925 2352 6.30 CHY041 9.26 C 
1999 0925 2352 6.30 CHY042 13.32 C 
1999 0925 2352 6.30 CHY044 38.17 D 
1999 0925 2352 6.30 CHY046 22.21 C 
1999 0925 2352 6.30 CHY047 19.48 C 
1999 0925 2352 6.30 CHY050 16.26 B 
1999 0925 2352 6.30 CHY052 11.69 C 
1999 0925 2352 6.30 CHY054 31.05 D 
1999 0925 2352 6.30 CHY055 39.03 C 
1999 0925 2352 6.30 CHY057 16.69 C 
1999 0925 2352 6.30 CHY058 30.66 C 
1999 0925 2352 6.30 CHY060 46.24 D 
1999 0925 2352 6.30 CHY061 21.73 D 
  211 
1999 0925 2352 6.30 CHY062 14.64 D 
1999 0925 2352 6.30 CHY063 28.98 C 
1999 0925 2352 6.30 CHY074 11.65 C 
1999 0925 2352 6.30 CHY076 39.77 C 
1999 0925 2352 6.30 CHY079 15.28 D 
1999 0925 2352 6.30 CHY081 17.85 D 
1999 0925 2352 6.30 CHY082 33.68 D 
1999 0925 2352 6.30 CHY086 9.38 C 
1999 0925 2352 6.30 CHY087 10.88 C 
1999 0925 2352 6.30 CHY088 14.36 D 
1999 0925 2352 6.30 CHY090 33.74 D 
1999 0925 2352 6.30 CHY092 24.26 D 
1999 0925 2352 6.30 CHY093 71.33 C 
1999 0925 2352 6.30 CHY094 52.07 C 
1999 0925 2352 6.30 CHY099 38.08 D 
1999 0925 2352 6.30 CHY100 26.16 D 
1999 0925 2352 6.30 CHY101 20.41 D 
1999 0925 2352 6.30 CHY102 19.66 C 
1999 0925 2352 6.30 CHY107 37.95 C 
1999 0925 2352 6.30 CHY111 55.58 D 
1999 0925 2352 6.30 HWA002 22.76 C 
1999 0925 2352 6.30 HWA003 13.90 D 
1999 0925 2352 6.30 HWA007 25.76 C 
1999 0925 2352 6.30 HWA009 20.28 C 
1999 0925 2352 6.30 HWA011 27.12 E 
1999 0925 2352 6.30 HWA012 19.69 D 
1999 0925 2352 6.30 HWA014 29.80 C 
1999 0925 2352 6.30 HWA015 25.58 D 
1999 0925 2352 6.30 HWA016 20.04 D 
1999 0925 2352 6.30 HWA019 19.21 C 
1999 0925 2352 6.30 HWA020 15.72 C 
1999 0925 2352 6.30 HWA022 19.96 D 
1999 0925 2352 6.30 HWA023 14.49 C 
1999 0925 2352 6.30 HWA024 18.33 E 
1999 0925 2352 6.30 HWA025 12.60 C 
1999 0925 2352 6.30 HWA026 14.15 C 
1999 0925 2352 6.30 HWA027 16.81 D 
1999 0925 2352 6.30 HWA028 24.33 C 
1999 0925 2352 6.30 HWA029 18.97 C 
1999 0925 2352 6.30 HWA030 19.02 D 
1999 0925 2352 6.30 HWA031 25.45 D 
1999 0925 2352 6.30 HWA033 19.22 D 
1999 0925 2352 6.30 HWA034 16.72 D 
1999 0925 2352 6.30 HWA035 22.41 D 
1999 0925 2352 6.30 HWA036 35.20 D 
1999 0925 2352 6.30 HWA037 33.21 D 
1999 0925 2352 6.30 HWA038 24.67 D 
  212 
1999 0925 2352 6.30 HWA041 24.14 C 
1999 0925 2352 6.30 HWA043 21.93 E 
1999 0925 2352 6.30 HWA044 28.13 D 
1999 0925 2352 6.30 HWA045 17.58 C 
1999 0925 2352 6.30 HWA046 13.82 A 
1999 0925 2352 6.30 HWA050 15.68 D 
1999 0925 2352 6.30 HWA051 23.16 D 
1999 0925 2352 6.30 HWA055 26.12 D 
1999 0925 2352 6.30 HWA056 17.57 D 
1999 0925 2352 6.30 HWA057 17.63 D 
1999 0925 2352 6.30 HWA058 15.01 D 
1999 0925 2352 6.30 HWA059 19.95 D 
1999 0925 2352 6.30 HWA060 19.21 D 
1999 0925 2352 6.30 ILA019 20.04 C 
1999 0925 2352 6.30 ILA024 22.11 C 
1999 0925 2352 6.30 ILA061 22.61 C 
1999 0925 2352 6.30 ILA062 25.09 C 
1999 0925 2352 6.30 ILA063 25.19 C 
1999 0925 2352 6.30 ILA064 22.02 C 
1999 0925 2352 6.30 ILA066 17.67 D 
1999 0925 2352 6.30 KAU001 15.76 D 
1999 0925 2352 6.30 KAU054 11.96 C 
1999 0925 2352 6.30 KAU069 24.20 D 
1999 0925 2352 6.30 TCU029 28.85 C 
1999 0925 2352 6.30 TCU031 29.30 C 
1999 0925 2352 6.30 TCU032 28.27 C 
1999 0925 2352 6.30 TCU036 25.84 C 
1999 0925 2352 6.30 TCU038 22.28 D 
1999 0925 2352 6.30 TCU039 29.73 D 
1999 0925 2352 6.30 TCU040 26.46 C 
1999 0925 2352 6.30 TCU042 26.19 D 
1999 0925 2352 6.30 TCU044 24.51 D 
1999 0925 2352 6.30 TCU046 18.94 C 
1999 0925 2352 6.30 TCU048 24.04 C 
1999 0925 2352 6.30 TCU049 20.26 C 
1999 0925 2352 6.30 TCU050 19.04 D 
1999 0925 2352 6.30 TCU051 19.95 D 
1999 0925 2352 6.30 TCU052 26.45 D 
1999 0925 2352 6.30 TCU053 18.49 C 
1999 0925 2352 6.30 TCU056 18.63 C 
1999 0925 2352 6.30 TCU057 22.25 D 
1999 0925 2352 6.30 TCU059 27.71 C 
1999 0925 2352 6.30 TCU060 20.51 D 
1999 0925 2352 6.30 TCU061 27.97 D 
1999 0925 2352 6.30 TCU064 18.38 D 
1999 0925 2352 6.30 TCU065 21.00 D 
1999 0925 2352 6.30 TCU067 21.48 C 
  213 
1999 0925 2352 6.30 TCU068 22.83 C 
1999 0925 2352 6.30 TCU072 14.43 B 
1999 0925 2352 6.30 TCU075 20.62 C 
1999 0925 2352 6.30 TCU076 14.93 C 
1999 0925 2352 6.30 TCU078 6.08 C 
1999 0925 2352 6.30 TCU079 4.59 C 
1999 0925 2352 6.30 TCU080 7.05 C 
1999 0925 2352 6.30 TCU082 16.88 C 
1999 0925 2352 6.30 TCU085 23.49 D 
1999 0925 2352 6.30 TCU086 41.95 D 
1999 0925 2352 6.30 TCU087 28.89 D 
1999 0925 2352 6.30 TCU094 23.19 C 
1999 0925 2352 6.30 TCU095 29.98 C 
1999 0925 2352 6.30 TCU096 22.31 C 
1999 0925 2352 6.30 TCU098 27.50 C 
1999 0925 2352 6.30 TCU100 24.11 C 
1999 0925 2352 6.30 TCU102 22.30 C 
1999 0925 2352 6.30 TCU103 12.69 C 
1999 0925 2352 6.30 TCU104 27.74 C 
1999 0925 2352 6.30 TCU105 21.25 C 
1999 0925 2352 6.30 TCU107 30.47 C 
1999 0925 2352 6.30 TCU108 30.08 C 
1999 0925 2352 6.30 TCU109 35.67 C 
1999 0925 2352 6.30 TCU110 31.51 D 
1999 0925 2352 6.30 TCU112 40.27 C 
1999 0925 2352 6.30 TCU113 42.03 D 
1999 0925 2352 6.30 TCU115 42.42 D 
1999 0925 2352 6.30 TCU118 48.02 D 
1999 0925 2352 6.30 TCU119 43.56 D 
1999 0925 2352 6.30 TCU120 23.93 D 
1999 0925 2352 6.30 TCU122 14.14 D 
1999 0925 2352 6.30 TCU123 33.96 C 
1999 0925 2352 6.30 TCU125 19.36 C 
1999 0925 2352 6.30 TCU128 26.90 D 
1999 0925 2352 6.30 TCU129 11.83 D 
1999 0925 2352 6.30 TCU136 23.46 C 
1999 0925 2352 6.30 TCU138 22.62 C 
1999 0925 2352 6.30 TCU139 27.07 C 
1999 0925 2352 6.30 TCU140 47.37 C 
1999 0925 2352 6.30 TCU141 31.05 D 
1999 0925 2352 6.30 TCU145 53.46 D 
1999 0925 2352 6.30 TCU147 26.96 D 
1999 0925 2352 6.30 TTN001 30.23 C 
1999 0925 2352 6.30 TTN002 19.99 D 
1999 0925 2352 6.30 TTN004 27.73 C 
1999 0925 2352 6.30 TTN014 21.70 D 
1999 0925 2352 6.30 TTN020 23.11 D 
  214 
1999 0925 2352 6.30 TTN022 24.02 D 
1999 0925 2352 6.30 TTN023 37.72 D 
1999 0925 2352 6.30 TTN024 19.68 C 
1999 0925 2352 6.30 TTN025 25.39 C 
1999 0925 2352 6.30 TTN026 20.76 C 
1999 0925 2352 6.30 TTN031 26.02 C 
1999 0925 2352 6.30 TTN032 22.24 C 
1999 0925 2352 6.30 TTN033 24.04 C 
1999 0925 2352 6.30 TTN040 20.57 D 
1999 0925 2352 6.30 TTN041 18.84 C 
1999 0925 2352 6.30 TTN042 23.94 C 
1999 0925 2352 6.30 TTN044 30.55 B 
1999 0925 2352 6.30 TTN045 33.12 C 
1999 0925 2352 6.30 TTN046 21.09 D 
 
 
 
